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PREFACE 


Wi^  representation  from  his  Executive  Panel,  Admiral 

Sn  P  Operations,  met 

with  Dr.  Rank  Press,  President  of  the  National  Academy  of 

^lences,  Dr_  Robert  J,  Hermann,  Chairman  of  the  Naval 

USn7rm  I"'*  Admiral  William  J.  Moran, 

USN  (Ret.),  NSB  member,  on  June  2,  1986,  to  discuss  his 
having  the  NSB  undertake  a  major  study  to 
address  the  implications  of  advancing  technology  for  naval 
operations  the  twenty-first  century.  The  general  agree- 
w!ri!-  meeting  were  reflected  in  Admiral 

fV^rSi*  '^*6'  •"  '^hich  he 

formally  requested  that  the  NSB  undertake  the  study  He 

incoming  Chief  of  Naval  Operations, 
Admiral  Carlisle  A.  H.  Trost,  would  be  briefed  on  L  matter 

NSn"r=,!V  «"n' aT’  ®“8Sest^ed  that  a  delegation  from  the 

1 H  •  1*  *  request.  Dr.  Hermann,  Vice 

Admiral  Moran,  and  the  NSB’s  Staff  Director,  Mr.  Lee  M 

Tr*!,c!’ -"’x-*  With  Admiral  Trost  on  August  22,  1986.  Admiral 
Trost  indicated  his  full  approval  and  endorsement  of  the  re- 
n  X  ®  x^^  foi-inalized  that  endorsement  in  his  letter 

of  reference 

ultimately  agreed  upon  are  reproduced  below. 


Terms  of  Reference 


^termine  the  implications  of  advancing  technology  for 
“r  mSi/on."  '  “"'"'V-  "'M' 


New  technologies  affecting  naval  forces 
1987-2030  time  frame. 


in  the 
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Impact' oriA®'  structures, 

impact  on  U.S.  maritime  stratecv 

Potential  adversarial  responses. 


1986;  held  at  the  Na"val  '9-20. 

Island,  the  NSB  members  unmimn  ^  ^®'^PO‘’t.  Rhode 

the  requested  study  It  was  enthn^w  undertake 

Commission  on  '  Ph^ical  Wnl  approved  by  the 

Resources  on  October  ^  1986^  anH  h*’  . '^^'’ematics,  and 

"“t 

and  November' iS-S  'Tw^were* d  ^P'nmber  15 

stndy.  hying  on,  a  riugh  r’cbednh  of™"'’  “  ">« 

the  study  leadership  It  tian  A  and  selecting 

the  NSB  serve  as  an  ovl  sSt  ^odvV 

membership  would  be  askfd  m 

within  the  study  structure  .3*^“"’**  leadership  positions 
became  .he  s.ndy'^direCo,  Vice 

Study  executive  director  and  »h!.  "’’P!  became  the 

as  chairmen  or  key  members  of  members  served 

refle.^ed  on  the  org^anTzalS^I  charJ! 

resultrasXTevo?ved^"an‘''AH‘’- ‘'’e  s‘udy 

under  the  chairmLstp  of 

Advisory  Council  met  on  four  Sl.cf  Herzfeld.  The 
course  of  the  study  to  -eview  occasions  during  the 

findings.  The  fLrth  ^  comment  on  the  interim 

l988--was  spent  in  revL^nZ/heV-^  1^^  24-25, 

the  overview  report.  ^  version  of  Volume  I, 

under^'tL^?hSSishirof*"M?'^Se°"  established 

group  served  as  The  sinBi^^’  Deitchman.  The 

and  phasing  the  study  fctiJitfes  'wKinT  rh*' 

the  several  task  groups  and  inr^rff 

overview  report  on  a  near-conTmfo  T"k®  •'”‘*'"8* 

also  served  to  identify  conflSr  areas  of^T*'  Process 

and  gaps  in  coverage  amonc  thT  t/cl  ^  excessive  overlap, 

overview  report.  ILng  jnT i  *''^'^‘"8 

reports,  was  reviewed “bv  thi.  aw  task  group 

wo,hi„gg„„pghai,,Sj„t^top';t.riSeS"'‘' 
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evolved,  ooTlr?e.e"l„"''.ro,r  ,S>'  .£ 

¥eo\si“rir^ 

serving  as  members— was  to  monifnr  th»  "  i‘  ^  ® 
findings  and  suceest  new  2  0^°^- ^  evolving  study 

The  ^-dr’  f™"  «'l  •le'SenG"? 

Co,p7V'wJr“<leSideT'2o,''l'„"’'K''  "O 

mission  or  warfare  areas  but'to  'nh^c^  ‘>'e  study  down  into 

under  logical  technological  groupin\s“Ti? 

the  concentration  on^fea<-ible  *  e^^Phasize 

mmm 

Teai„r„v“r'M?xIr^eT„'l°;“^^^ 

concentration  of  each  grouo  was  on^nHtf«^'  ‘•’e 

technology  falling  into  it^L^  ^f  P’atforms  and  platform 

^  MrwS  ~ 
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.he  cornet;  , he  r^,  “"i"* 

such  as  min^  anri  rr'n^  ,  Q^tailed  consideration  of  topics 
technology,  missile  technology,  torpedo 

=  rKd-'et  S^,h- 

findings  for  the  study  as  a  whole  bTw  fh"^  interpret  its 
vance  lo  the  Radio-eiLtronic  Bnttip  particular  rele- 

Ever  sinc«h  rha  Battle  Management  Group 

Naval  OperaSns*  desfan^""'  Chief  of 

Director,  Research  DeveloDment^*’'^^H^"i’*''^®  • 

In  that  capacity.  Vice  AdS  Xlbert  <C>P-098). 

successor.  Vice  Admiral  Paul  F  K,"*;!,®  ’’'S 

formation  and  launching  of  the  ^  •"  the 

financial  support,  and  attenHeH  necessary 

However,  with  OP-098  concurrence  ^aL  meetings, 

sought  to  establish  a  bridge  to  the  assistance,  the  NSB 
that  was  unique  to  the  sttdv  7.  Corps 

Commandant'^^of  the  Marfne'^Coms'^^'^^*  Operations  and  the 
their  own  Special  RepresentatSTo 
communication  link  m  assist  with  ^ 

interact  with  the  study  eroun  !!l,  Problems,  and  to 

matters.  Rear  Admiral®  D^vid  R^’^n^  operational 
Marshall  B.  Darling  were  desLn^t»H Colonel 
addition,  and  for  sfmd^nnrnn^c  ^  m  Positions.  In 

officer  was  detailed  to  serve  ^  ‘^^Yy  or  Marine  Corps 

groups.  The  Son  officers  also  «  "  h 

stir  rr.  ‘"r  ■  “ 

operational  exCienc.  we,.  ..^wn”’ r?oracad%ra!tdl'4' 


IX 
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s 

v’ 


s.',hoiLrbi"ssi«-d’"'.  ^3'"'"'  r-"'"'  “ 

terminated  on  June  I,  ^988!^  *■  ^  officially 

During  the  18  months  of  concentrated  studv  pffnrt  tu^ 

approach  was  to  ^  •'  Purpose  of  this 

cTnstanl"  Jomm  it'coSred'S^ofltabr^Nea^ 

through  seveTa?  different  deTcT  E^aTh  7askT 

If-'  ™ 

issues,  and  continue  plans  for  the  n^fstudy  nhase  hJ® 
25-28,  1987,  and  F^y  6-17  l^gs’ 


■  41^  ,,4., 


X 
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allowed  the  study  leadership  to  gain  approval  of  the  study 
tindings.  subject  to  changes  suggested  during  the  meetings 
at  appropriate  milestone  intervals.  The  February  meeting  at 
san  Diego  and  the  March  meeting  with  the  Advisory  Council 
were  used  to  gam  approval  of  the  final  draft  of  the  overview 
report.  In  turn,  the  Volume  I;  Overview,  fully  approved  bv 
the  study  group  and  the  Advisory  Council,  was  given  a  final 
review  and  approval  by  four  prominent  scientists  designated 
by  the  Report  Review  Committee  of  the  National  Academy 
individual  task  group  reports  from  which 

as  Tu  ■  ^  drawn  are  issued  separately 

’  Threat-Intelligence;  Volume  III,  Assessment  of 
Technology  Drivers;  Volume  IV,  Space 
V  Radio- Electronic  Battle  Manage- 

vii  '^chicle  Technology;  Volume 

Vehicle  Technology;  Volume  VIII,  Atmospheric 

Ma^  nl  Amphibious  Warfare- 

Ss  Volume  X,  Weapons  and  War- 

and^\iln?'’r"^'*f  ‘  Weapons.  Appendix  B  -  Mines 

‘IS.  ind 

J^ational  Academy  of  Sciences,  its  National 
kn  •  V't  '!?  ®°3rd  wish  to  ac- 

Lotps  for  the  e^ctive  support  provided  during  the  course 
om  •'O'"  «"si‘ive  was  Sed 

menr ^ group  received  only  encouragt- 

and  operational  arguments  to 
their  logica  conclusions.  In  like  manner,  we  wish  to  express 
our  appreciation  to  those  Navy  and  Marine  CorS  iSn 
fleers  who  provided  invaluable  service  to  the  study  leader- 

bn-ffeTs*^  from'"on''“^“^'  *’’*  hundreds  of 

took  tL^Hm,.  universities  who 

dehbe mio^  information  relevant  to  the  study 
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I 

SYNOPSIS 


A,  OBJECTIV  ES,  SCOPE,  AND  APPROACH 

This  report  of  the  Naval  Studies  Board  (NSB)  explores  at 
the  request  of  the  Chief  of  Naval  Operations  (CNOI.  trends  in 
technology  that  may  affect  the  Navy  in  the  twenty-first  century 
In  initiating  the  study,  the  CNO  asked  how  the  future  techno¬ 
logical  trends  might  change  Navy  force  structure,  what  the 
impact  of  those  changes  on  U.S.  maritime  strategy -might  be,  and 
how  the  Soviet  Union  might  respond. 

To  answer  these  questions,  the  Naval  Studies  Board  as  a 
whole  constituted  itself  as  the  study  panel,  and  established  a 
number  of  subgroups,  including  many  individuals  representing  all 
the  relevant  areas  of  expertise,  to  deal  with  specific  areas  of 
technology  and  specific  issues  in  the  application  and  integration 
of  the  technology.  The  participants— along  with  the  resulting 
reports--are  listed  in  the  introductory  pages  of  this  volume.  The 
study  organization  is  shown  in  the  diagram  on  the  next  page. 

The  study  was  organized  around  the  broad  technological  areas 
from  which  maritime  power  flows.  Special  attention  was  given 
to  those  areas  of  technology  (see  Volume  HI)  projects)  that  the 
panel  believes  will  become  particularly  important  to  naval  forces 
in  the  future.  Altogether,  some  188  people  participated  in  this 
study  over  the  period  from  January  1987  to  May  1988.  Close 
coordination  with  the  Navy  and  Marine  Corps  was  maintained 
through  the  efforts  of  some  22  liaison  officers.  Many  prior  NSB 
studies  and  relevant  recent  or  ongoing  studies  by  other  groups 
and  &rvices  were  used  as  background,  in  addition  to  the  original 
work  performed  by  the  panel.  The  Advisory  Council  reviewed 
the  study  results  periodically  and  provided  invaluable  advice  on 
directions,  scope,  and  interpretation. 

The  following  rationale  and  premises  underlie  the  study; 


twenty-first  century 


ttt: — — g^vriopments  win 

^  3f  to  jO-ygar  pgrio>1  fhit 


^out  the  lengj^h  ‘nme  i,  wiir,;re  for  naval  (and 
other)  systems  and  forces  to  fully  absorb  large  numbers 
r!  technological  developments  begun  today,  and 
leveu  resulting  changes  to  be  felt  at  all 

operatioi  Service  organization  and 

pf  breakthroughs,  nr  of  preciselv  how  rh# 
t^avy  will  evolve  over  rhf  time  neriod  of  inr^ratt  jc 

or  ®  magnitude  of  nuclear  propulsion 

°futur^  that  ‘he 

rfr^lt  ,f  T.®  '’*"®  has  described,  perhaps  quite 

feoTnoio  assessment  examines  how 

technologies  that  are  appearing  now  may  evolve  and 

fhe'ma^v  ‘h®  impact  they  may  have  on  both 

xjw  maritime  warfare  environment  and  the  Navy  itself 
ms  mcludes  technologies  that  have  existed  but  that 

s^ler^vTith  n2  T'^  interaction  and 

^th^^fh^  newly  emerging  technologies.  Even 

exteilsiv^  *h«  changes  we  foresee  are  quite 

Soviet  Union  wjH  probably  remain  the  npmarv 

Lf  tToT  ‘®  f®"®®;  *  d'lterent.  ma^^^^ 

uSr  iJ  th^i  emerging  to  displace  the 

USSR  in  this  role  over  the  time  period  covered  by  the 

rfpl'on  *  forces  will  be  operating  and  the 

for  them utilization  of  the  Navy  will  have  to  account 

^inent  atponn  thgye  -other  forces-  will  h^.  Ti,j^^ 
7.^  with  inrreasinalv  snnhL;!:^;!^ 

mere  is  no  evidence  that  the  experienS  of 

The?Srl°  "®‘  ^  "Pea‘ed  over  the  next  40. 

Therefore,  the  Navy  and  Marine  Corps  must  be 

prepared  to  deal  with  lesser  conflicts,  and  expect  to  be 
repeatedly  called  upon  to  do  so. 
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5. 


6. 


7. 


8. 


9. 


Even  though  the  emphasis  is  on  the  Naw,  the  Naw 
must  be  concerned  with  "maritime  warfare"  as  a  whole- 
father  than  with  "naval  warfare"  only.  This  encom¬ 
passes  consideration  of  joint  and  combined  forces, 
approached  from  the  point  of  view  of  the  Unified 
Commander  responsible  for  operations  in  a  geographical 
area  of  the  globe.  This  includes  all  the  forces  the 
CINC  (Commander  in  Chief)  must  operate  and  all  the 
assets  that  may  be  available  to  him  under  his  own 
command  and  from  higher  authorities  to  help  him 
fulfill  his  mission. 


Strategic  defense  will  he  a  continuing  area  of  concern 
to  the  nation  throughout  the  period  of  interest,  and 
technologies  that  may  emerge  from  the  Strategic 
Defense  Initiative  (SDI)  or  any  evolutionary  derivatives 
from  that  program  will  be  of  continuing  interest  and 
benefit  to  the  Navy.  The  potential  for  joint  Navy-SDI 
activities  will  become  apparent  as  strategic  defense 
systems  are  defined  and  deployment  is  contemplated. 
Ilie..5tudv  made  no  assumptions  about  the  future  arms 
control  environment  or  new  arms  control  agraemenf< 
that  might  be  reached.  Many  of  the  qualities  of  the 
future  Navy  that  we  anticipate  and  the  potential 
directions  of  evolution  that  we  explore  can  be  affected 
by  new  agreements  in  this  area,  but  they  would  not  be 
wholly  invalidated  by  such  agreements.  The  most 
cntical  such  areas  arc  indicated  where  appropriate. 
Similarly,  although  it  is  apparent  that  energy  availahil- 
llY  will  be  a  continuing  source  of  domcctit^  flnrj  Vn^ar- 
pational  economic  and  Dolitical  tension,  the  study  did 
BO.t  speculate  on  the  possible  conseouences  of  such 
tension  for  the  U.S.  military  environment,  including 
^avy.  We  believe  that  regardless  of  the  overall  energy 
situation  the  military  forces  will  have  the  fuel  they 
need.  We  did  not  examine  how  international  conflict 
®^®r  energy  as  distinct  from  conflict  for  other  reasons, 
or  possibly  drastic  changes  in  the  civilian  energy 
economy,  might  affect  the  armed  forces. 

The  panel  did  not  wish  its  deliberations  to  be  con- 


unrealistic  in  n  rpsource-rr»r.gtr-.:no^  wnrM  Tk 

^cauTlnce^ttl^oTth"^^^ 

»  ixlen“ve'a  ,oVI,;j7  “'’''"’'"tad.  can  L 

reviaw.  '  *  Programmatically-oriented 

direcHnns^  Xv>.inpm..!!r^k  reviewed  in 

and  isamstonS  J'™!'.!  »f  "»•»">!  aecnriiyl. 

W'fnp^SS^SKS  and’teuer'wa^  tE’"'"'''*  " 
F?arEi"V“'’"‘’'°«>'  "'•  •>'■  “n?e  iaSf'eiaM 

and  rac"n,me„S“S„'a'':,”"rdy’a?Z' '?r“  ”f '  '«""“io"a 
‘he  future.  It  mus!  be  noted  i„  uncertainties  of 

many  areas  of  technoloov  invni  .V*-*  ‘ha‘  there  are  so 

‘he  U.S.  Navy  and  the  Marine  ro?J"th“')  as  large  as 

area  of  technology  or  a  type  of'sv^em  dnl^'  mention  an 

panel  thinks  it  is  unimpor^tLt  mprll!  ^  '"'P'^  **’at  the 

be  profitless  if  pursued^  ThiVnnM  emphasis,  or  will 

what  is  treated  r,p.?l.:.  conclusions  of  the  sr..Hv  ,a.ra.. 

for  what  is  parry  no  in.pMy'oaiy'n 
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B.  OVERVIEW 

I.  The  Future  Maritime  Warfare  Environment 

Since  any  study  such  as  this  faces  an  inscrutable  fi  ti.r* 

Pai,.!  though,  |,  „  articobVS  of  ,hj  BoaiSo 

?h“e'Sro'f  ^L""*  '?  »"  a  rJted  S“5ruc™;l' 

and  sources  of  iconomi^s“  e°ng,“  w^rtecSSi  “'i'"  °"' 

imnonan,  and  more  diffiS  '  The  „M.X1  r  °"“ 
warfare  in  which  a  battle  for  control  of  ?hl«  extended 

staTSpS.-  'Si" 
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cap=bili,iB  on 

Navy  •'■='  «■'  P'-  .!.» 

P'oasins  effecliveness,  S  Dre^rJ!  of  *"'’  "'“’P""'  '"- 

required  to  meet  the  challeni-^  «f  .1  '"creased  resources 
At  the  same  time,  advanced  technolnov  vulnerability, 

to  mitigate  the  vulnerability  p^owfmc'^li  pK*^^®'’  oPPottun'ties 
resources  likely  to  be  available  A  scope  of 

will  include  Soviet  Naw  nn^f '  ^  U.S.  Navy 

based  on  a  highly  inteBrare'lfr'^'^*®^  operations  in  a  "fleet"  mode 
and  Intelligence  (C’l)  system  Ste^ih"*^’  Communication 

o«y  w.,  be  a™o„'*  .bir.7„^r.  rptr„!sr-£s-- 

2.  A  "Vision-  of  the  Navy  30  to  50  Years  Hence 

to  50  ?e??s'^h?  aathnZ^inn  [he°no  *'’*  "®«  30 

replacing  the  current  Navy  with  Jn  en/iTel  be 

IS  therefore  not  whether  that  should  issue 

the  new  forces  will  look  liS  The  '"'hat 

following  -vision"  of  the  Navy  30  to"  50  yeaTsTncef  "" 

wJjfa'e"'"*  information  will  dominate  maritime 

.  Sr.e'/bnl^;"''  »■« 

cov«S;n?eTwhTle'Sj,”“'  “  '’■P^PX-fP'oee  win 

through  the  information  syst'em  integrated 

ere  will  be  more  emphasis  on  undersea  warfare. 
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^  greatly  transformed,  to 

accomniodate  to  the  environment  of  increased  vulner¬ 
ability  from  all  quarters. 

weaponry  will  proliferate;  tactical 

long-range  firepower  in  the  form  of  cruise  and  ballistic 

missiles  will  be  dispersed  to  many  surface  ships  other 

^an  carriers  as  well  as  to  submarines;  carrier  aviation 

sTs  em!  Tu  ^ezpons-  and  unmanned 

snnn^ri  f  =ombat  and 

support  functions. 

*  operation  of  the  amphibious 

I«!fn  ’r^3"gc.*o  permit  greater  maneuvering  speed 
f/Hf  of  lighter  but  more  powerful  forces  from 

longer  distances  to  landing  zones. 

•  Manpower  numbers  will  decrease  while  training  system 
design,  and  logistic  practices  will  be  changed  to 
accommodate  more  sophisticated  forces  spending  longe? 

SJ^pott.  underway 

NavT^in  C  •'’®  P“^POses  and  missions  of  the 

thev^u/  ii*^*k  evolution  we  foresee  and  has  concluded  that 
they  will  change  very  little,  although  the  wav^ev  will  hj 

.h=  b«,le"sp,ce  or  '’Sr  Sirror^Takta"  .'S 
effectively  from  enemy  counterattack 
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^^HHI 

acually  dg„'d  upon  and  vke"vTrsa“  ’"“  "■' 


10 


Navy-2 J  Overview 


"’””8""™'  »■  -observ^bitev 

ss ~pS,"b  r: 

forces  air  forces  °  ®  assets,  surface 

yet.  Even  when  it  is^th^^N  Partially  available  as 

resources.  U»*gent  attention  win  h*  control  al!  the  required 
full  capabiliiy  for  oESing  "  !' rf  "  fhe 

information  with  certaintv  to  our  S’  co"im‘in.cating 

feas7bi  ex.?n"t  ?o?  an'nav'arfo  technically 

stealth,  counterstealth  and  '"‘^,'“‘^"’8  ‘"tegration  of 

a-  The  panel  believes  that  continuing  ereit  stridoe 
computer  hardware  and  software  will%f  of  extreme 

ZZTTJIX^^’^'  “"'baril  Sn' 

^  and  aaibg  ?h«c%“bn£  “  »«va"cing 

sl~S=Ii5ES?i 

systems  ^  urgency  for  application  to  U.S. 


Navy-21  Overview 


•i.  Space  S><i(ems 

■sp  ^  '■>-•• 

maritime  warfare  into  the  snace  ^nt-  extended  from 

"arfighting  capability  in  soace  invni"- meaningful 
they  must  be  invoked  short  of  ('Whether 

measures  including  hardening  'W  passive 

countermeasures,  and  backup  svsrpm«^'"M’i  u  replacement, 
the  Navy’s  ability  to  obtain^sSve^ra^p'  essential  to  protect 
^on  and  to  ensure  information  siinprV,^f^"^  targeting  informa- 
CNO  will  have  to  und^rlT.  over  the  USSR.  The 

Services  and  non-DoD  authorities'^fn"*  ^‘^“rts  with  the  other 
necessary  space  systems  and  the  c^oaWi'tv  I  ^ 
replace  them  rapidly  if  they  are  taken  nl  '  ° 

Agreements  to  eliminate  aSaTc 
in  space  would  limit  the  Unhed^Sn!i"V^^'t  weapons 

outlined,  to  insure  availability  of  passive  measures 

they  fulfill.  Additional  emphast  on 

including  added  resources  wi?|  L  measures,  probably 

violation  of  such  a  treaty  siS  thl  ^oard  against 

evident  until  a  time  of  wartime  stress 


5.  Undersea  Systems  and  Forces 

will  make  ASW^*Ifcreas*inE*lv"d'fr  submarine  advances 

the  effectiveness'nrSy’  ^ciS 

panel  believes,  however  that  with  ®>’5tems.  The 

systems  .0  operations  the^'n 

itiisS  Sving  o"n‘',he  “rt„^„VTf 

two  .hop:a„d  mite,  dewLdin/ " 

Such  a  ship  would  exoand  rhp  c/^  <^csign  and  purposes, 
undersea  fleet  to  encomS  '  n  and  capability  of  the 
those  the  undersea  forces  undertaire^‘'todrv^*'T"h  to 

»=h  0  .oomorioo,  i„  coordi„ar;'wirsiirfa"*r„TS^^^^^ 
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include  suike  w.yfare.  ASW  (anti-subr.anne  warfare)  at  long 

nJlf 'a'^ax  ''‘"‘"'J''  Ions  distances  from  the  surface 

fleet.  ASAT  launch,  selective  reconstitution  of  space  assets,  and 

IhA  3  major,  multimission  capital  ship  of 

the  fleet,  comparable  with  current  surface  fo'ces. 

''^fe.  secure,  and'  unexploitable 
communication  connectivity  with  other  fleet  and  space  units 
The  panel  believes  this  will  be  possiMe  and  recommends  early 
sf.  PS  toward  the  creation  of  such  a  force,  to  hasten  the  attendant 

W  ensage  our  most 

dangerous  opponents. 

m  ^“‘’'n^^lnes  must  be  designed  for  greater  survivability 

wp2!ln  ks’  oompartmentation  to  contain  the  effects  of 
weapon  hits,  hulls  more  resistant  to  penetration,  and  other 

SSn^of  be  tailored  to  ensure 

destruction  of  Soviet  submarine  targets  at  any  depth 

There  IS  an  opportunity  to  create  a  family  of  iong-ranee 
unrnanned,  underwater  vehicles  to  undertake  many  undersea 

a  group 

a  laboratory/industry  team 

fecTnniL  '^‘'bnology  and  able  to  apoly  that 

technology  to  long-range  underwater  system  concepts 

mo  Tbe  effectiveness  of  torpedoes  in  an  environment  of  increas¬ 
ing  submarine  effectiveness  will  be  a  matter  of  increasing 
cnim!'^"'  torpedo  program  must  also  include  attention  to 

homers™^^*”*^^*  against  enemy  torpedoes,  especially  wake- 

bas  been  and  remains  one  of  the  most  under- 

technrJno  ^^'ii  fr  ^”7"'  <^“trent  and  future 

technology  will  offer  the  opportunity  to  design  and  deploy  mines 

of  reduced  size  with  a  diversity  of  hard-lo-sweep  triLS 
echanisms.  Companion  advances  in  mine-sweeping  and  mine 

sonai?Ts?oT n  '"elude  improved  mine-hunting 

sonars,  use  of  precise  navigation  to  "mark"  and  retain  the  loca- 

found,  and  advanced  means  of  sweeping 
mines  or  otherwise  neutralizing  them.  ^  * 

The  resources  currently  devoted  to  mine  warfare  are  small  in 
potential  effectiveness  of  the  weapon  systems  and 

U?  on®  ‘^^"gors  that  mines  pose  for 

U.S.  nasal  operations.  The  panel  believes  that  modest  increases 
in  resources  in  this  area  can  yield  very  large  payoffs  for  US 
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maritime  warfare  capability,  and  that  attention  to  defensive  mine 
warfare  will  be  essential  to  meet  both  Soviet  and  Third  World 
threats. 

Although  the  main  undersea  weapon  platforms  may  operate 
at  intermediate  depths,  surveillance  and  weapon  envelopes  must 
be  extended  from  shallow  to  very  deep.  Knowledge  of  the 
ocean's  characteristics,  bottom  terrain,  and  environmental  condi- 
tions--"underwater  weather'’-.at  all  depths  and  latitudes  is 
essential  for  this  purpose,  and  efforts  to  obtain  that  knowledge 
using  all  media  (space,  air,  surface,  subsurface)  deserve  very  hieh 
priority.  ^ 


6.  Surface  and  Air  Forces 

The  surface  forces  offer  the  unique  ability  to  maintain  a 
sustained  and  visible  presence  for  deterrent  purposes  and  for 
warfighting  in  many  important  circumstances,  especially  in  the 
Third  World,  They  provide  the  onlv  way  to  project' combat 
power  ashore  when  there  are  no  available  bases  and  there  is  a 
need  for  heavy,  sustained  firepower  and  extensive  ground  and  air 
forces.  The  surface  fleet  is  able  to  connect  rapidly  and  with 
least  expense  into  the  combat  information  network.  It  presents 
another  dimension  of  threat  to  opposing  forces,  with  consequent 
pressure  on  their  resources.  Finally,  the  surface  forces  are 
essential  for  support  and  protection  of  logistic,  special  operations 
and  commercial  maritime  activities,  all  of  which  use  the  surface 
of  the  oceans. 

The  panel  believes  that,  given  the  importance  and  unique 
aspects  of  the  missions  the  surface  forces  can  carry  out  and  the 
economic  and  engineering  design  imperatives  that  lead  to 
consolidation  of  functions,  the  Navy  will  always  have  a  sig¬ 
nificant  force  of  large  surface  platforms  of  many  kinds,  with 
their  associated  aviation.  This  does  not  mean  that  the  growing 
vulnerability  of  such  forces  will  be  overcome  very  easily  The 
protection  of  that  force  so  that  it  can  perform  its  missions  will 
have  to  be  inherent  in  the  evolution  of  its  form,  the  gradual 
redistribution  and  closer  integration  of  its  functions,  and  its 
connection  with  other  maritime  warfare  force  elements  in  space 
on  land,  and  under  the  sea. 
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The  Navy  will  need  aircraft  carriers  into  the  indefinite 
luture.  They  will  have  to  undertake  many  missions  of  deterrence 
and.  if  need  be,  combat  against  Soviet  forces  in  maritime- 
connected  situations.  They  will  be  needed  to  establish  a  strong 
military  presence  and  to  carry  out  protracted  force  projection 
missions  in  Third  World  crises,  and  they  will  make  important 
contributions  to  protection  of  the  sea  lines  of  communication. 
While  the  carriers,  with  all  other  surface  forces,  will  indeed 
become  increasingly  vulnerable  to  long-range  and  stealthy 
weapon  attacks,  from  Third  World  as  well  as  Soviet  sources,  new 
technology  will  offer  the  opportunity  to  alleviate  these  vul¬ 
nerabilities.  Advances  will  include  improved  countermeasures 
against  surveillance  and  targeting,  improved  ship  self-defense 
systems,  and  improved  capability  to  strike  against  sources  of 
anti-ship  attacks.  The  panel  therefore  sees  the  surface  forces’ 
configurations  and  characteristics,  including  those  of  carriers,  and 
the  composition  of  the  carriers’  air  complements,  evolving  to 
meet  the  growling  threat  in  many  ways. 

The  combination  of  vulnerability  increases  and  the  inade¬ 
quacy  of  some  technological  solutions  will  encourage  the 

carrier-based  functions  to  new  sea- 
and  land-based  platforms.  These  functions  include,  inter  alia, 
of  shore-based  air  defenses,  counter-carrier  strike 
complexes,  and  other  dangerous  targets;  surveillance  and  sensing 

AAW 'aSwT/I?.?;??”  “I  f" 

AAW,  ASW,  and  ASUW  (antisurface  warfare) 

long-raiige  strikes  against 
micc'i^c  targets  using  cruise  missiles  and  ballistic 

missiles  with  maneuvering  warheads.  Vertical  launch  systems 
will  permit  high  rates  of  fire  to  saturate  enemy  defenses  T?e 
long-range  missile  and  launcher  designs  offer  the  opportunity  to 
disperse  extensive  firepower  to  many  other  ships  of  the  neet  in 
addition  to  carriers;  ships  could  be  designed  to  carry  hundreds  of 

destroyers  **  similar  size  to  today’s  cruisers  and 

Such  ships  could  carry  out  anti-shore  strike  missions  (as  well 
«  today  s  AAW,  ASW,  and  ASUW)  as  a  complementary  force  to 
the  carriers,  paving  the  way  for  the  latter  to  deliver,  in  greater 
safety,  the  sustained  firepower  inherent  in  their  order-of- 

ould,  of  course,  be  subject  to  the  same  increased  risks  as  the 


i 

cirriW  ^l  r  combat  power  than  loss  of  a 

opposition  v.ryinR  from  the  IISSR  f„  situations  against 

ASUW,  electronic  surveillance,  long-ranee  line  nf  cJok,  ’ 

swHs-sfifs 


/.  He«pon$ 

classes  are  visualized.  *  weapons.  Two  major  weapon 

bays  or  ..u„ch  ava..‘'„i“„?S„Sry'-ir.vS;i 
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airciaft:  have  midcourse  guidance  systems  based  on  GPS  (Global 
Positioning  System)  combined  with  inexpensive  inertial;  include 
the  options  of  accurate  self-contained  guidance  and  terminal 
acquisition  sensors  for  some  missiles;  and  have  warheads  suitable 
for  v^'ous  targets  and  tailorable  to  those  targets.  Such  a  missile 
should  be  producible  in  very  large  quantities  (tens  to  hundreds 
01  thousands)  with  a  target  cost  of  at  most  $500,000,  and 
preferably  much  less  for  all  but  the  special-purpose  versions  of 
such  a  system. 


Technology  will  also  permit  the  design  of  ballistic  missiles 
having  maneuvering  warheads,  with  roughly  the  same  physical 
characteristics  as  the  cruise  missiles,  to  permit  use  of  the  same 
launch  systems  as  the  cruise  missiles.  Ballistic  missiles  in  such 
a  size  and  weight  class  would,  with  current  technology  and 
design  techniques,  have  shorter  ranges  than  cruise  missiles.  Over 
the  longer  term,  as  specific  impulse  improves  and  design 
improvements  over  current  systems,  such  as  efficient  staging 
come  into  play,  these  missiles  should  come  to  have  range-payload 
characteristics  in  the  same  general  class  as  the  cruise  missiles. 
These  weapons  can  be  used  for  missions,  including  long-range 
delivery  is  an  important  consideration. 

important  for  this  class  of 
weapons  «  for  the  cruise  missiles,  and  may  be  even  more 

weapons  would  be  complementary. 

«  *^3t  the  weapons  described  and  the  cost  ranges  are 

achievable  within  the  state  of  the  art.  Large  numbers  of  these 

de?er°hlH'^»‘‘  ^fi  dispersed  firepower  concepts 

fill  out  t^he  weapon  complements  and  reloads  for 
numbers  of  combat  ships  that  are  typical  of  the  numbers  in 
Sffbed.  n®'"  SSGNs  that  haveTeeS  de- 


K. 


Amphibious  Warfare 


Thir^**  Wn“rM  *  Situation  and  potential  U.S.  concerns  in  the 
Third  WorW  will  require  continued  emphasis  in  this  area  of 

mder  o'r  its  auxiliaries,  currently  demands  on  the 

IJ?  i**®  combined  budget  of  the  Navy  and  the 

U.S.  Marine  Corps.  Revised  employment  concepts  and  rede- 
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^ needed  to  arrest  the  degradation  of 
amphibious  warfare  capability  against  improving  opposition. 

conlt  nf  f  I"?  ^  =>PP^oach.  The  first  tier  will 

mnh  I'i  ^1  echelon  or  advance  force  that  is  small,  highly 

1^’  technologically  very  advanced.  It  will  be 

able  to  operate  autonomously  or  pave  the  way  for  larger  more 
conventional  amphibious  forces.  ' 

traditional  forces  will  be  able  to  function  as  a 
^vond  echelon  in  medmm-and  high-threat  landings,  and  as  the 
main  landing  force  in  "low-end"  situations.  It  will  emerge  from 
evolution  of  today’s  amphibious  forces,  but  it  will  be  more 
compact  and  lighter.  Like  the  first-echelon  force,  it  will  use 
advanced  technology  to  perform  tasks  now  carried  out  by  heavy 
sea  and  ground  warfare  systems,  and  its  aviati^Sl  Z  bas^d 
Both  takeoff  and  landing)  systems 

information  a^nd^an’S  SSf^Srnd^n'larf^u^^^ 

The  panel  believes  that  the  technology  for  forces  of  the  kind 
descr.bed--special  operations  forces,  advance  fords  aJd 
redesigned  conventionaP  amphibious  forces-^will  be  available 
from  the  evolution  of  all  the  Service  forces  includ  nrthe 
Attention  and  resources  will  be  needed  for  creation  of  the  special 
fherr Particular  kinds  of  operations  described. 
Jnd  ^  systems,  but  their  characteristics 

and  configurations  will  be  unique,  and  the  Navy-Marine  Corns 

them  They  w?n 
systems  needed  for  landing  and  extraction  of  the 

TOmdrnra'lV'th^"amnh  !?®  Command  and 

for  hp  n  -n  **’®.*!"Pf‘'b'Ous  forces  and  their  fire  support;  and 
for  help  in  sustaining  positions  in  the  process  of  carrying  out 

arrnm'fv'a  Hhi"  systems  for  this  pufpose 

are  not  available  from  the  Army,  the  Air  Force,  and  the  Navy 

of  thA  Navy- Marine  plan  is  needed  for  the  evolutio^ii 

of  the  amphibious  warfare  forces.  cvoiunon 
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9.  Manpower,  Training,  Logistics 

50  years  Point'^oward^^ncreasTne^^v^ 

''■ith  the  need  for  long  opeJationa^^  complexity  combined 
Manpower  (including  Ln  and  wom^n?'?®  a^ay  from  bases, 
available,  but  high  aptitudes  will  h^n  be 

the  requisite  manpower  and  maintainino Training 
expensive,  and  the  panel  believes  thl  ijf  P^of'Ciency  will  be 
a  sma''er,  more  mature  and  more  nrr>fii''o''^r''*  have  to  plan  for 
are  retained  longer  in  the  Servicp^^  tk"'  '^’’ose  members 
greatly  increased  equipmLr  eMahni,  "  ""‘I  for 

leading  to  reduced^  manpower  of  operation 

Mvings  in  training  and  operating 

PZ"V°juZivr" "" 

artificial  in XSrwm  Z/u'SIr-  systems,  and 

performance  of  naval  oersonn#./»'K*'®”'u'^^"*  enhancement  of  the 

machines  for  people  in  taskrwhere“it  i?dV‘-"  m 
save  manpower  to  oerfnrm  desirable  to  do  so-«to 

to  perform  tasks  that  are  extrpnfnf*  l^sl^s  more  effectively,  and 
savings  and  improved  effectiveneL  manpower 

trend  as  technology,  manpower  emr*  I  a  universal 

together.  The  reduction  of  hazardfSill  nl  ®''?''=*bility  evolve 
underwater  and  under-ice  oSinL  ,  *"  areas  as 

ship  damage  control  and  repair  in  JombTt'’^  'warfare,  and 
directions  will  also  gain  more  so^  ’  i^®''«'«ent  in  these 
ships,  increase  reliabil'ty  and  imrfrt  combat  systems  aboard 
There  will  be  increasTne 

technology  for  training  in  equipment  and*'**  advanced 

maintenance.  The  technology  wd  operation  and 

Simulators"  on  primary  eauin^Anr  include  "embedded 

terference  basis  during^peraS  ThV"  a  nonin- 

proficiency  in  the  force*^  will  incrAl!l'* of  maintaining 
capability  advances  and  as  the  forcS  with'*, ‘be 
tactics  become  more  complex  if  ‘b®""  CdmP™®"*  and 
possible  and  desirable  to  practice  Vh*  «  increasingly 

integrated  forces  by  using  the  acnmi*  °P.®'’^‘'ons  of  dispersed, 
and  REBM  systems  to  simu  Sfe equipment  of  the  weapon 
tions  in  an  operaSonal  en™vS„f„1. force  ope'rl" 
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systems  to  bases  for  missiles  in  integrated  launch  bay 

«.abfeh  k™p“„  '““"’y.  <0 

wi.ho„,  ,be  need  for  ahoje  inSatls  '" 

al'ca'lfo^  :  '  S„r„7l?sn“„^'S™ 

Strategy,  to  make  moTef^^  ‘hi! 

operate  effectivelv  Jn  »ka>  ■  people  and  to  be  able  to 

m'int  he  pane^^^^  environ- 

for  the  cL/ged  mnnower  *’'*""‘"8 

with  the  initiation  of^he  design  Sf  Vhe  '’«8in 

forces  If  the  full  benefit  of  fhp  Ih**^  Pnmary  systems  and 

wsociated  operating  practices  Is  to  be  r*eairzed!"  •"** 


10,  The  SSBN  Force 
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submarines.  However, 
attention,  and  potential 
avoided. 


^SSBN  security  will  need  continuing 
point  vulnerabilities"  will  have  to  be 


11.  Tactical  Nuclear  Weapons 


fish  ino  T  fo"  deterrence  and  for  war- 

wi.h  sAcial  airSLr  r„“<i 

submarine  launch  of  the  wMnnn*  i„  .u  ®  a'r.  surface,  and 

The  I  r  ‘’"“jsrgets  with  minimal  collateral  effectr 


12.  Resources 


and  force  evolution  descrih<*fi  ^  systems 

anticipated  total  renewal  of  naval  forces  S’!, 

sSil  =T'”~"  “»"'sr 

d.iva„  SaVt:  V- 
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ana  me  combat  informa- 


r  systems, 

S£s--='?~;~~:sS 


13.  Priorities 


of  thrs  sS?  priorities  implied  by  the  results 

•  The  surveillance-  and  information-related  systems  and 
ensuring  connectivity  among  them  and  S  ne« 
elements  and  commanders. 

ASW. 

Ainct'i'ons.'’’®  “''^■'^bility  of  militarily  essential  space 

technologies,  pro  and  counter 

'«-=fr==tiv. 

rndTu"bmari„“ar““"'°" 

Restructuring  the  amphibious  forces. 

Manpower  and  its  concomitants. 
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the  future  maritime  warfare  environment 


A.  THE  TECHNOLOGICAL  ENVIRONMENT 

as  m  the  world  of  national  dpfpncA*  ^  T  ^  aggressive 

either  exert  the  Controlling  "?n  *  *'’®.  ^P^ere  will 

influence  or  be  the  dominant  Lrkef  S 

orienS  dCviopL^MnidatilTtn  ^hf '’c^  ''“‘“^"ally 

scientific  and  technical  knowlcdci 

ability  to  advance  In  areaC  nf  tit  .  •"<*  ‘heir 

security  will  not  be  as  eaClIv  ^nfluC  C*k  "1“"'  *® 
and  its  allies  as  It  was  nrlor^o  States 

technology  to  the  USSR  and  t«r  ■1970s.  The  spread  of 
accelerate;  wUh  iL  iS  beCiCei 

in  the  United  States  and  thp  w  *PP*'cafion  of  technology 

miliar,  torn.,  ThU  •W?'"""  '»  S".l‘l 

rlralrd  ..111.,  ...  X, 
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to  do  so.  . . 

lhre?S8  ?e'Sl„f;tSw  “f 

surface  fleet  and  sea-based  which  can  damage  the 

Western-armed,  supplied  and  trafnerf  and 

Space-based  global  surveillmrA  countries  everywhere. 

available  to  all  nations  (e.g  foll^w^onYo  SPOT® 

and  high-resolut:on  photOBranhv  Sar •'”“*^'’SPCCtraI 

inapping).  At  the  same  tim»  ^  (synthetic  aperture  radar), 

-orld’s  eco^iS  (Tn  a^ion' 

technologies)  will  make  it  m  ,rh  .‘"ferweaving  of  their 

States  to  mobilize  rapidiv  the  United 

industrial  strength  to  sustain  a  oerin^^'f  self-sufficient 

The  protection  of  the  S?llnr«f  ^  ^  alone, 

and  to  overseas  sources  o?  uDDnes'“T“"''V“">  *"*« 

become  even  more  criti<'<>ii  •  *“d  manufactures  will  thus 

fore.  CriticalTn7orSn  I* 

(including  our  own)  as  well  as  thi7n!!  ,  world’s  economy 

LOC,  with  consequem  potStfar^o  7- ^ 

common  throughout  the  S  ^  disruption,  will  also  be 
in  Europe  7nd7Jian^S7|v^l®ve^7s%^eoS 

sc7n7"S,  rSal  Sic^l'pT’"  d-elopmentsTn" X'woHd 

in.  for  exa^pll,  sourind  en^e^ge 

Latin  America.  China  could  Asia,  the  Far  East,  and 

2’°*^®’’"  industrial  and  military  power® dJrTns 
These  developments  will  make  it  more  dirr®  *1!®."®’'^  years. 
States  to  establish  and  pursue  straiohtf/^^'^^'^.i'  ^  **’®  United 

system  of  alliances  of  the  “950.  Policies  like  the 

containment,"  and  will  provide  adHT-”**®!*  aimed  at 

and  technology  transfer  ?s  thf  neJ,^  sources  of  instability 
political  posidon.  ‘'’®  P°'^®'5  ^i®  for  markets  and 

end  of  the”*tim7®p°erio d®S®i®nttre?t®  ‘'’® 

to  be  available  to  fuel  the  armed  forp«  expected 

the  United  States  and  its  allies  an  ad.f could  give 
sources  that  we  control  or  for«/hVh^  “  "®'^  energy 

devise  and  sell  the  tchn'ology'^L 

u-=n,u™.  »„u4;«..!"hyd;re»riuc?tVeto“': 


-,.,p,e  ,„aus.Ha,  p„»"rvS 

llt.l>  10  h",r.o  sn„,d  ?h7, 

Increasingly  ImpoALrfr’this  „/  W  ‘® 

»^7,;7;‘'jnr,rr£ " 

.ill  b.  n..d.d77™."c,  .h7ro?”,hi:  S'’ 


B.  SOVIET  developments 

targIts*w^rSe  disJ^LTed  acrJsToJj’lVc  its 

those  of  our  allies.  The  SovieT  l  inTn  homeland,  and 

its  maritime  warfare  fUes  and  h"  """  *1^ 
struaure,  which  is  the  obverse  of  Zs  '" 

to  gIve'lfS  MJe"nt‘ion*fr“a7K“?“*’  V'*  continue 

combat  information  networks  Thrnnoh'^^**!^"^^’  ^ 
observation  and  communication  and 

frequency  spectrum  thev  wilT  *u  parts  of  the 

PPn.mnJ  ap'd  i„SS  sytSeS' 4""'r  ,f'  «"- 

time,  they  will  continue  to  concentrate  on  aiJn 

their  radio  electronic  improve, 

deception  techniques,  and  othe^  wayrto^coS^^^^’ 
and  targeting  systems.  They  will  keen  buiM^no®”'^  surveillance 
that  are  flexible  in  operating  mod«  h?  ®  systems 

launch  and  reolacemenf  canoK*r»  have  extensive  rapid 

(I...,  hardaniig, '.7Tof  chaTOBristics 

warfaB.  Tbi^in  L°'^.ra:;r77„rra'drfn:7r^ 


in''spS"'  -"y 

.o"L,.  '  •.i..io»,  „  7h„  ". 

They  wil!  give  strong  attention  to  attackine  our  surfar^  aoH 

E=sr=l«=?":-£=fi 

US? hlsh®  advantage  of  low-observables  technology  and  *Ss?  to 
both  J/S  speeds  for  their  missiles  as  an  alternatU 

They  w ill  alsrcSnL'"!"’"’''!  engagement 'time! 

SSBp^iSIpSiS 

lipSIlHiis 

•’“S  lagged  behind  the  United 

rSv-..""’"??'  I?"'""  “  '’"’K.ed  ,0  »Su"  Th^t  me  tal 
in  Soviet  applications  of  technology  will  sometimes 

sometimes  small;  it  will  depend  on  Iheir  ability  w  emulaL  us  as 
well  as  on  their  perception  of  need  to  use  1 1  c  on!l  w  ^ 

.n..ronm,„.  of  glebally  epeeeding  We^CTiechnolosy  ' 


c.  FORCES  THAT 
twenty- FIRST 


WILL  SHAPE  THE 
CENTURY 


navy  of  the 


l«h„oiogv.*hol  “''I-'’' 

missions  more  effectively.  *  maritime  warfare 


- -  •  * 

Systems  and  Forms 


Anything  on  the  surfnce  can  be  seM^bv^ihe  T"-”"  ““ack- 

U.S.  weapons.  MnrpnvAr  tu^  limes  tor  most 

intelligence,  surveillance  data  weannil^**  "11  others,  with 

thev  provide  will  be  incrpii  nof^”"'^^  u"?^  training;  the  systems 
missiles,  many  tea^hv  win  attack 

They  wi„  be  sUadti;n:'L'l„^Tbr.b'e\t'  a?!'?,, '‘'"I,- 

in  .“  pelSiaT  oTf  “K’'ca""b,'”'''  i"  A''a"<ic  and' 

time  goes  by.  ^  become  more  capable  as 

ai,  S»'»' 

appear  on  their  surface  ships  ^n  S'?a"nd  "f* 
extraterritorial  bases  they  use  Both Hf..  ^  forces,  and  at  the 

supply  such  air  defuses  ,o  third 

aviation  could  expect  to  encoimfpr  tu  carrier-based 

flicts  as  well  as  in  war  with  the  USsIr'" 
relatively  low  power  able  in  nfo^k  *"/t*<l*tion,  lasers  of 
measures  to  blinJ  J’rews  and  of  explicit  counter¬ 

weapons  that  they  can  ilium inari>  k"  P**  aircraft,  and 
common  in  both  Soviet  and  Third  Wc"rld'fore?r‘'‘^ 
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to  So'viet' ASAT^ind^'^<;n/  i"!^'  increasingly  vulnerable 

IS  3o\iet  AbAT  and  SDI-hke  systems  if  U  S -Soviet  militirv 

ev^n^of 'an  J'',  j'^^'^Sic-systems  area  heats  up,  or  in  the 

e  of  an  extended  conventional  conflict 

The  second  major  force  that  will  mo»e  the  Na>v  awav  from 
current  naval  forms  Is  the  pressure  of  resour«r  ResoIJce  to 

Sce*^^  R Of  defense  systems  are  becoming  increasingly 
arce.  Budgets  are  likely  to  remain  roughly  fixed  (within  +  ! 

more  Claims  are  made  on  them.  Tor  example  the  sni  anH 
Sd"f '■  systems  of  all  the  Services  hate1)een 

fn  the  ma“  demands  for  improvements  and  renewal 

f^ces  There ^  Conventional  and  the  s  ratel  c 

Chanting 

appropriately  trained  manpower  will  increase  olacinp  a  nrAm* 

lncr7.;l„S,‘rX'  '  ">•»  ocenr 


2.  Technology- D,l,n„  Eolic.mcnl,  T..„d  Nc.  System.  ..d 

Si  d  i-;- 

Se  L  mformation  to  combat  commanders  and  forces  and 
guide  weapons  to  the  targets,  many  over  very  long  dTstanLs 
There  IS  a  close  coupling  of  such  technology  w  sjace  anS  hs 


I 


7 
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SSg£"H3~2S~- 
iSs&SStf  :=  ~“S 

uAvs  (unmanned  aerial  vehicles)  anH  aitvI 
(autonomous  undersea  vehicles)  will  he  ahia  AuVs 

..  “.L";:"  ‘iTTri:”! 


/ 


Navy-2 1  Overv  iew 


29 


3 

KEY  TECHNOLOGIES 


A  few  technologies  will,  in  the  opinion  of  the  panel,  become 
the  most  important  influences  over  the  form  and  functioning  of 
the  Navy  and  in  the  preparation  for  and  exercise  of  maritime 
warfare  over  the  next  several  decades.  What  follows  is  a 
summary  of  these  "drivers,"  selected  from  the  reports  of  the 
various  technology  study  groups  and  special  projects. 

Mpdern  glgctrpniips  applied  to  navigation  and  position 
location;  weapon  guidance  systems;  sensing  for  surveil¬ 
lance,  reconnaissance,  target  location,  and  acquisition* 
data  processing;  fusion  of  information  from  many 
sources  and  its  evaluation;  computing  and  use  of 
computers  for  pattern  recognition  and  inference;  diverse 
displays  and  aids  to  command  and  control  decisions* 
and  conrimunication  of  any  or  all  of  the  information  and 
the  decisions  to  users  as  necessary  and  desired  without 
providing  the  enemy  with  targetable  sources. 

^*  Slpglth  and  counter-ste.*ilth  techr.oloev  integraiPH  with 
£l£.Ctrpnic  warfare  canahili^Y  such  that,  when  used  in 
integrated  fashion,  the  combination  can  prevent  a 
potential  enemy  from  sensing  friendly  systems  and 
activities,  or,  if  reduced  or  masked  signatures  embedded 
in  noise  are  sensed,  from  understanding  the  meaning  of 
the  data  or  the  combat  situation,  while  overcoming 
these  disadvantages  for  friendly  forces. 

^pljpation  Of  advances  in  the  abovp  two  of 

ttghfIgIggY  TO  wnmanned  aerial  and  underwater  vehirlo* 
and  SYStgm;  for  various  missions  from  air  and  under¬ 
water  surveillance  and  reconnaissance  to  covert 


3. 


/ 
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3"^  ‘o  emplacement 
distances  UD  ,n  h  underwater  weapons  at 

f'""-  ">«  l^nch  and 

Ammaiyn,  ri'hgiiti.  and  a^orhind  uia  of  n — . 

ni'Tn"'''’  "<achEr. 

entering  the  civilian  economy  as  drivers  of 

efficiency  and  high  orders  of  quality  control  in  lll  areas 

^during,  many  other  indusH  processes 

ssmM&m 

available  to  the  Naw  tn  ^  .  ‘"a^POwer 

reduce  rraJn.nr^-  *  *?  pprove  training  and  to 

5?li=rS~;SS 

situations.  ^  *®P®P*®**y  ">  time-critical 

^pprting  technpl(>,Tie«;  will  enable  advances  on  a  broad 

important  of  these  are: 

^aTkm  meThT^-  "P"- 

w“tod  .f^jr^tTn  MO  a^cS, 

A*!?  nuclear  warheads 

covered  by  this  stody.  achieve  a  facto^of  two  or 
Moeed  ''"P'‘P''«'"ent  in  specific  impulse  and 
aid  ^nma'nned°'^®i  ‘’/*"‘*  undersea  weapon? 
their  ra?ge 
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including  advance  in 
aerodynamics,  propulsion,  and  structures  iM  nf 

d  '^'11’  capabSs."'"*^  Particularly 

5IliiO££hn2l2gi£5.  including  changes  in  nnw, 

s.ir/c  Of  enemy  countermea¬ 

sures,  to  insure  connectivity  of  surface  air  anrt 

,  -Lr.£  - 

■  ®"“'  'ransibiiionllS"- 

information’.  “<1  iransmissior  of 

^bTity  tedT'^VivTngf of'T few  £ 

maritime  warfare  impact  on  all 


/ 
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RADIO-ELECTRONIC  BATTLE 
AND  THE  information 


management 

NETWORK 


(RE!,"M',Te'X'£ 

and  reconnaissance*  command  cnnfm!  ®^*sence,  surveillance, 
technical  operations  on  inf  i  ^P^^^unications;  all 

warfare  coSpled  witrsiJnSe  electrooptic 

warfare;"  and  targeting  We  "observability 

management  musf  be  treated  as  arorB9ni/“‘^i°i®'®'^‘'’°"'‘^ 
cess  in  the  "information  war"  with  thfusSR^° »=,!?' 
battle  management  becm<  «!  u  i  ^  Radio-electronic 

ends  with  foree  enlagemen^  an5 

targeting  enemy  forces  and  preventing  tLmV^'  means  for 
Global  surveillance  sign?n«  «!  ^  targeting  ours, 

selected  geographical  areas  ®where  ®“'’''«'"ance  of 

long  as  needed,  coupled  wirh  needed,  for  as 

and  the  ability  to  focus  on  a  point  of  ale?rThe"elohV" 
lance  system  includes  a  multiolicitv  nf  *AnL  •  ®  surveil- 
regimes  across  the  frequency  spectrum 
many  levels  from  nati^al  to  iScal  somA^i^ 
are  off-board,  for  each  leVi  Vh»  organic  and  some 
platforms  including  spacecraft  hioh^ait-y!!  diverse 

aircraft,  and  all  the^tacScal  platform*  of  IhA^n®’.  '°"8'®"<^“fance 
and  submarines.  Land-b«ed  over^hl  Ja  aircraft 

tributed  undersea  sensing  netwo^tr^A  ®"‘*  ^'s- 

surveillance  system  wil|*a"wavs  exist  in^  8*obal 

today.  It  will  include  more  nt  *’''**  ”?  form,  as  it  does 
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obi"^rrf  w-n  is.being  approached  today.  Movirg 

revisit  time  of  design  parameters  such  as  a 

imI  coverage.  These  parameters  will  be 

will  affect  ^hem““”F  operational  needs,  and  physical  limits 
I  aitect  them.  For  example,  fixed  or  usuallv  ^tatir  hnf 

tareets^nl^/h’^®^'*/"^^  Slowly  moving 

Sep  f;;~ 

“p^s  ^cX^aTfSs%cr 

Heeded  to  maintain  our  undersea 

undersM  wa?fart"Sfn'  rJn  growing  importance  of 

“  wartare  will  require  enhanced  connectivity  with  and 

among  undersea  forces.  Such  connectivity  will  not  ne«ssan4v 
always  have  to  be  two-wa>  (indeed,  there^ouW  ^  Snd  to 

optlo^^^  wflM^Lve  to°h^^h'"'^^  environment)  but  the 

rnn.T^*  surveillance  systems  will  be  integrated  with  a 

SmanViHS^^^^ 

S‘’of 'ilob?"°'°*^  commSIder” wIfuavJ’ISform? 

l^‘vplc^  K  nodes  will  furnish  information  to  users  at  all 

levels  by  reports,  alerts,  or  simply  on  call  in  a  flow  that  ' 

to  users  needs  in  peace,  crisis,  or  war,  and  it  will  use  a  rnm* 
munication  network  that  tra.ismits  in  many  moderfe  »  L?emt?s‘ 
ionospheric  or  meteor-trail  bounce  IIHFi  “i 
from  laser  frequencies 

and  deslcned*  tn  ^  suited  to  specific  situations  and  needs 
A  network  of  liykini*™  «Ploitation. 
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ment  over  the  next  30  to  50  years 
of  resources. 


with  appropriate  application 
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expanding  battle  space,  force  integration, 

AND  LOW  OBSERVABILITY 


of  the  battle  space  in  the  years  since 

?omblt  units  'enihJe^  k“^"^  increasing  reach  of  individual 

by  radar  and  IR  ‘"creased  performance  and 

oy  raaar  and  IR  detection  techno bgy.  This  trend  will 

STof 

gradually  changed  from  the  individual 

rnmh^r  "ot  yet  Complete.  Today’s  force-wide 

combat  system  is  as  yet  imperfectly  inteerated  as  V  w^Ji/ 

Signaling  of  aggreS'?orces™Trget" 

RFRM  .  ■!,  *"f°^'"ation  from  many  sources  wRhin  the 

gy  nciuaing  air-  and  submarine-launched  weapons— will 


individual  combat  units.  Each  unit 
need  Its  own  terminal  defenses,  much  stronger  than  are  those 

i^e“alened  ard  nf  more  effective  if  they 

are  alerted  and  informed  about  oncom  ng  threats  by  the  overall 

cornba,  mformalion  sys.em  .hat  can  glean  Jn.egr...  and  fn.erp'  e 

^formation  about  stealthy  threats  from  broad  observationf  \n 

arious  parts  of  the  spectrum.  Thus,  enhanced  local  defense  will 

also  require  increasingly  tight  and  complex  integration  of  the 

information  system  linking  all  the  elements  of  the  entire  combat 

»bISdl?i„^?hTeXTv,'S^ 

toseth^ ’  elements  to  operate 

VdnV.  V  VI?  system,  to  preserve  stealth  and  to 

s^tems  kdVTthe  RFRM  integrated  operation  of  such 

?ion  •  f  ^  =»^“=“‘nted  in  the  previous  sec- 

K  combat  information  network  will  be  operated  oartlv 

by  .he  Navy  and  partly  as  a  national  and  muf.iXS 

?or.™l‘  Id '".x  "I"'  “r  no^mand 

control^  and  utilization  of  the  assets  ’ 

asS.'^Vh^a"i■rerSn^^.:^4„'^^n^lTJ^f 

rSa'JiaSn^s'S™"'”" 

As  part  of  this  contest,  all  future  Navy  forces,  systems  and 
ehicles  will  have  to  be  built  to  take  advantage  of  the  canabilitv 

SjhTsSr  of  the  '•■S-  '"'■hS  nJ 

tVVlt:r.„  K  ^  V.  elements-to  deny  enemy 

IhpVh-rf’  V  V  penetrate  enemy  defenses;  and  to  deny 

our  defei^.  '’®  effective  against 
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6 

SPACE  SYSTEMS 


space  systems  in  any  Sime^Slict""  M 
systems  for  turveillance  navicafion  IL 
environmental  forecasting  maDoJAe  ann’"  ‘argeting, 

munication  will  be  based  in  spJce 

systems  are  uniquely  vulnerable  or  elements  of  these 

USSR  may  no  more  anx^^L"®  'T'’® 

destruction  of  its  space  assets  hv  *  u*  United  States  to  invite 
States,  but  it  will  decide  wh^her^to  aS'iffh*^®*,!  ''^"’*®<1 

assessment  of  the  balance  of  aaiS^  an?  O'*'" 

could  develop  ASAT  capabilities  durina*th?r*’  Powers 

examining.  The  United  Statec  mnfr  .k  *  V^nod  we  are 

attack  whether  we  Sk  it  UkTr/o;  n“ot^ 

with  wh?ch"?;t“e'Si!?aV  Ste- O'  concepts 
likely  to  be  applied  TspZ  aXo """i^nn^ent  are 
tional  law  and  conflict  with  which  th?X®  ®  m?? interna- 
cerned.  concepB 

terference  agreeSs  "0"in- 

another  nation’s  satellites^^would  bTfo^Hi® 
nondestructive  elertmmort  forbidden,  but 

•adpwed-  "-“V  I* 

between  nations  governing  declared  war 

*  ,1  ■»  ’«'« 

freedom  to  deploy  space  fvs»m«*X*  o**’®’’®  **’®i'' 

cpioy  space  systems  during  war  or  stressful 
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conditions  leading  up  to  war;  this  will  include  destroy- 
AlAT-r"’^  related  ground  facilities,  and 

•  Space  Warfare:  use  of  space-based  target  acquisition 
systems  and  weapons  to  attack  military  and  civilian 
targets  in  space,  in  the  air,  or  on  the  earth’s  surface 
or  under  the  sea--i.e.,  unrestricted  military  use  of 
space. 

technology  will  increasingly  enable  implementation  of 

parts  Vf^fheTpRM^'  space-based 

P  ts  of  the  REBM  system,  jn  order  to  protect  the  functions 

the  system  provide.  Protection  of  the  space-based 
Irf?lIow\r  depends  will  include  such  measures 


intrinsic  hardness  to  directed  energy  weapons,  counter- 
™adT ASA^Tsr*^"^^’  nianeuverability  to 

reduced  vulnerability  of  the  terminals  (a  critical  and 
neglected  problem  area),  through  redundancy,  disper- 
sion,  mobility,  and  more  autonomy  for  assets  aloff 

for  rapid  replacement  of  space  assets,  through 
surface  launch,  and  through  deep- 
space  storage  of  silent  spares; 

ASaT  and  counter-ASAT  systems,  which  the  oanel 
thr^rc^t  deterrence,  for  eliminating  enemy 

for  Pi  w  systems  if  they  appear  in  operation,  and 

aaivi  ToSnict?  "■ 

^lay  Or  may  not  be  based  in  space, 
so'’''odlance,  navigation,  targeting 
and  support  of  weapon  guidance.  *  * 

‘^^Pond,  into  the  indefinite  future  on 

Sid  seSv  oTt‘L‘*  the  functionality 

systems  on  which  it  depends  will  be  a 
key  and  continuing  problem  for  the  Navy,  it  will  increasinSv 
have  to  be  concerned  about  the  freedom,  control  aS  use  if 

a  fare.  The  Navy  will  have  to  account  for  the  muIti-Servicc 


1. 

2. 

3. 

4. 

5. 


rf-i'  1%  mill  1  iafrilf  Wil  inTiHi'iiri'  ■  i  1 
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p  nature  of  space  in  planning  and  implementing 

the  REBM  system;  much  of  that  planning  and  implementation 
will  take  place  in  the  joint  environment.  Interaction  with  the 
hDi  and  Its  management  structure,  however  the  latter  may 
evolve,  can  be  an  important  element  of  this  activity. 

Agreements  to  eliminate  ASATs  and  weapons  in  space  would 
limit  the  Umted  States  to  the  passive  measures  outlined,  to 
ensure  availability  oi  space  systems  or  the  functions  they  fulfill 
Additional  emphasis  on  those  measures,  probably  including  added 
resources,  will  be  necessary  to  guard  against  violation  of  such  a 
treaty,  since  the  violation  might  not  become  evident  until  a  time 
of  wartime  stress. 


7 


tactical  undersea  warfare  forces 


SEAr^’^  maritime  warfare  FROM  UNDER  THE 

multimission  capital* ships^onhe^fleet'***'^^  become  major, 

in  the  evolution  of  natal 

the  line  through  the  battleshin  m  */oni  the  old  ship  of 

^  driven  b,  ,l  n4d  S' T"" 

be  prepared  to  engage  Soviet  '"“SI 

SK"  eT,'“^  S 

communicaiion  “'8"'ng  snd 

build  a  new  class  of  SSGN  of  a  <*  k  sgement  are  created,  to 
and  an  OHIO  elaS  & 

'Mission,  carry  and  deliver  between  ?()n  ?  h  ^  single 

missiles  or  ballistic  missiles  Av»r^t,"  tactical  cruise 

much  as  2000  miles.  Such  thip!  ctuld  de?*^  hundred  to  as 

firepower  in  strike  warfarr  ^  ^  ®**«nsive  effective 

environment  precludes  orotracied  »•  bsign  where  a  high-threat 
neet.  They  would  S  fn  Se"  J 
remain  far  less  vulnerable  to^  earit  defec'/”^^® 
than  the  surface  force.  They  could^  fn  /aa  h"  counterattack 
forces,  destroy  local  and  a^rw  define  '*"*“*  ®“'’^ace 

systems  threatening  the  surface  ^forc«  offensive 

engage  subsequently  in  Drotrfcfmrt  a  ’  ‘he  latter  to 

severe  attrition  hj  beSn^Sd  '"*'en  the  risk  of 
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®  submarine  include  ASW  at  lone 
range;  ASUW;  AAW  at  distances  from  the  surface  fleet  wherl 
incoming  bombers  would  be  accessible  to  long-range  “forward- 
pass*  missiles  before  they  can  launch  their  Ln  missives  and 
where  the  submerged  AAW  ships  would  not  be  neariv  as 
vulnerable  to  detection  and  counterattack  as  surface  combatant 

reconstitution  of  space 

3ssets,  and  mine  warfare. 

New  systems  for  undersea  warfare  may  include  autonomous 

vehic?rrr-J v'?  *“‘>"’3nne-launched,  unmanneS  aTal 

vehicles  (bAVs),  longer  range  torpedoes,  and  advanced  technol- 

kfnd^of”'  capabilities  would  create  the  potential  for  new 

ArmL  ^  operated  by  attack  submarines 

submarine-launched  weapon  systems 

rdiuncN  important 

adjuncts  to  active  and  passive  ASW. 

Such  evolution  of  undersea  warfare  forces  and  missions  will 
theTpBM?  contact  and  more  extensive  linkages  with 

taroets  fo^  iJnJf  Tc  targeting  against  surface 

t^whicV  f ini?  signals  to  launch  missiles 

‘  P®*'*'®''*  3"^  t^ack  information  may  be 

transmitted  from  surface,  airborne,  or  space  systems-  for  coordi 

foT  couAt'Ts'w'iZ  “I oSani 

or  counter-ASW  and  diverse  surface  warfare  Durooses-  fnr 
coordination  ot  multi-submarine  operations  in  majSr  camSigm 
and  for  protection  against  detection  at  critical  timS  Xn 
communicating  or  launching  weapons. 

W^hile  use  of  submarines  in  the  modes  described  can  nre<i.n» 

adJin^r  "TtrireT^?''  locations  wili  be  known  in 

advance  Target  locations,  tracks,  and  launch  signals  for 

forward  pass  missiles  can  be  transmitted  by  one- wav  com¬ 
munication  with  minimum  response  to  indicate  receipt ^of  and 
ctior  on  the  mformation.  The  extent  of  report-back  and  battle 
management/C«  communication  for  nee?-wide  coordinatS;; 
reduce^!  “i*"  °K  r"  Controlled  as  to  amount  and  timing  to 
w^r,K.  *°  detection.  All  these  measures,  togft’hw 

reohnld*  “**  Communication  in  new  modes  that  adva^ncing 

danoert^fha#*^'  •  il"^u  *  can  minimize  the  additional 

dangers  that  might  be  posed  by  the  enhanced  connectivity. 
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B.  ANTISI  BMARINE  W  ARFARE 

Other  methods  will  beenmfi  m  acoustic  surveillance  systems, 
marines.  -mportant  for  finding  sub- 

AsJ  "" 

run  the  submarine's  advantage  in  e'vaZrASw“'tecr' 
systems  will  increase  w<-  Lr-  ASW  techniques  and 

erosion  of  U.S  capabili^  in  ‘he 

country)  submarines  can  be  OnjiS  ‘hird- 

our  opponents  against  our  unders'^r^fore« 
advantage  will  require  sienifi-'antiv.  ..  •  *^®‘3tning  this 

for  R&D  and  system  acaS  s  tinn  Lh  3"^  resources 

customary  in  the  ASW  area.  ^  operation  than  have  been 
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SURFACE  AND  AIR  FORCES 


A.  SURFACE  AND  AIR  WARFARE  SYSTEMS 

The  combination  of  increasing  vulnerability  of  the  surface 
forces,  their  increasing  cost,  and  the  growing  target  engagement 
capabilities  of  other  forces  raises  the  question  of  whether  most 
of  the  missions  of  maritime  warfare  cannot  be  carried  out  by  a 
combination  of  land-based  and  submarine  or  submersible  forces. 
Technically  this  possibility  may  exist,  but  there  are  many  reasons 
to  retain  and  improve  the  surface  naval  forces. 

1.  The  ability  to  respond  rapidly  in  time  of  crisis,  espe¬ 
cially  in  regional  conflict  situations,  and  to  maintain 
sustained  and  visible  presence  for  deterrent  purposes, 
with  minimal  dependence  on  foreign  bases,  is  much 
greater  for  a  surface  fleet  than  for  either  land-based 
army  and  tactical  air  forces  or  for  a  largely  undersea 
and  Ipd-based  maritime  warfare  force,  or  even  for 
combinations  of  these  other  alternatives. 

2.  The  surface  forces  offer  in  combination  the  unique 
ability  to  project  and  protect  power  ashore  when  that 
power  includes  combined  land  and  tactical  air  combat 
forces  of  any  significant  scale. 

3.  The  ability  to  connect  with  the  combat  information 
system  rapidly  by  a  large  variety  of  means  and  the 
ability  to  launch  weapons  in  rapid  fire  are  ail  easier 
and  less  expensive  from  surface  ships  than  from  ships 
configured  primarily  for  underwater  operation. 

4.  Surface  forces  present  another  major  dimension  of 
threat  for  opposing  forces,  especially  the  USSR,  to  deal 


5 


with,  compliMting  their  own  maritime  warfare  strate- 
gi^es  and  forcing  them  to  spend  much  more  on  that  area 

5.  Much  logistic  and  special  warfare  support  uses  the 

operation  of  this  support  requires  surface  combatants 

SpaSSisHS'S 

2  ?urfarl  against  both  land  and  sea  targets 

Surf^gg  ships  other  ^han  carrierc  their  rnmhet 

jystsms.  may  evnivg  in..  .fjrn  f 

m:  »ntQ  ^^imultanpnnciY  1^1  ^ 

if  become  much  more  extensive  carriers  and  faunche  s 

*m“£ir 

iUemiSeTof'mfssne  a'nVguXnS 

EDCe-ImkeHTr^  rHrt  of  the 

W,  ,„ch  a,  va,ia,io„a  on  .h,  SWATH  hull  £a„“e 
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more  varied,  point  defeJs^Ao  nr^ 
valuable  platforms  against  *Ieake«-  S 
automation  in  operatic  svs  Jmc  ^ 

to  ensure  against  e?ro  s  f„  ‘‘^  "’anPO'ver  and 
complex  combat  and  control  sysS“"* 

io  seneral.’  Thi  cam“ers"*eonf'  “** 

shapes  and  composition  of  their  afr  Tmn,  '^'®“'^“°"*  ‘he 
a  pattern  set  by  the  growinS  evolve  in 

mciuding  Third  World  counfries  ani  L°L*’-*®"/j^'.  °PPP"cnts 
opportunities  of  new  technolog v  and  hi  ‘’y 

factors  induce.  In  particula/^thl.  systems  these 

surface  ships  to  long-range  and^Llhl®®*'"®  ''“'"erability  of 
require  changes  in  carrier  aviation  allf  weapon  attacks  will 
missions,  including,  int7r  alia*  HacI  ^  migration  of  some  carrier 

for  AAW  and  ASW,  and  various  I<!m  Z''®'  sensing 

based  platforms.  “>  alternate  sea-  and  land- 

.  Carrier  aviation  will  tKion  Ka  a  hi® 

OLiSSigns  that  rp^iiirA  7,rTniMi.ii  i  f to  concentrate  r,„ 

f  we 


iv..K-fi.n^A  mio^ilf.-  ,  11,11,  ^  ;  ,  IP  <^arrv  lari>e  niimhA,c 

than  it  does  today  Man!  nf  h  weapons 

capable  of  delivery  from  long  standoff  weapons  will  be 

will  enable  target  destruction*with  evolution 

fewer  sorties  and  reduced  attrition  *nf efficiency,  involving 
per  sortie  and  in  a  campaign expensive  systems! 

c.me,Vv“iK',  wT.T„lsr?'r  1  r '"‘■‘"k 

I7l!h  *"*•’1®  them  to  operate  effectlllfiv*’-  ‘'‘il'PPiPSy  exten- 
■1..  combae  aircraf,  and  ,h.  mlaane-laaScLg ' STaEp",' 
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^  V^IIJ  search  out  enemv 

P3m  of  communication 'Si,/™'";. »'»'■!«<'  ESM.  con„ib„,e 

from  ships  „,h„  ,han  ca°rie,f  S  ='»  E'  able  to  opera,,’ 

l,T.r'’  i"'»?Sg  and  '7' P"'i«  confr/o”  ! 

that  they  car  move  Treelv  SL?,V'7''"«  bases'  fo,  themlo 
b  only  peeiodio  pe^d  7o  tetZ'f' '"Sool 

Thi  ^  aircraft  at  some  level  *r  recover,  and 

p/»mr,Tsr£^ 

'?:*®  signatures  using  other  ‘  creation  of 

controT('EMCoXoge"th^  10^1^0?  selectee ^ImissIS^ 

"a?  tC^^lt.TTeSi’Jp'f' ““ 

gr:r„t”S''s’y:s“' 

bEams,  steatthy  thteats  -^rn'otlrr^^^E  VtSoof 
B.  ADVANCED  AIRCRAFT 

n  ironment  per.mits  the  operation  nf  serve  wherever  the 
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early  warnmg).  ASW.  ELINT  (electronic  intelligence),  and  other 
support  such  as  communication  relays  and  pro\  r,ion  of  navigation 
ixes  and  communication  nodes  to  back  up  space  systems  These 
unmanned,  since  time  on  station  can  be  davs  rather  than 
nrnfo^-  ^  ''^•''3*100  of  this  type  of  aircraft  can  support  coastal 
beam^n'T  ^**"8  microwave  power 

!hat  ?!  0"  s‘ation-a  capability 

Ihfs  mnL  U*'®''®  *''"®  period-the  duration  ij 

.^y  oT^tboTd^y^^^^^^^^  ®"'y  ‘’y 

V/STOL  aircraft  that  have  performance  superior  to  that  of 

caoabTfh  relatively  tman.SviSSon 

capable  ships  in  direct  support  of  combat  forces. 

"i"®""®^r  “''■f  aft  serving  similar  purposes  to  many  of  the 
manned  aircraft  will  have  the  advantages  of  reducS  SL  we^ht 
and  vulnerability.  This  will  often  compensate  for  the  Toss  of 
flexibility  attending  the  elimination  of  the  pilot  Launch  and 

°^i  aircraft  at  sea  implies  smaller  ships  and 

should  result  in  lower  costs  while  reducing  the  "at-sea"  deoen- 
dence  on  land-based  aircraft.  The  concept  of  staginTin  wK 

refueled  '°"8:®"‘?urance.  pilotless  aircraft  can  be 

appears  feasible,  since  the  requirement  for 
educed  shqj  superstructures  for  lower  observable  signatures  will 
help  aircraft  with  long  wings  use  the  decks. 

The  mix  of  manned  and  unmanned,  sea-  and  shore-ha«eH 
aircraft,  unconstrained  by  ideology  will  emeree  frnm  »ka 

tional  considerations  as  the  technology  changes-  t  cannot  L 
prescribed  broadly  in  advance,  but  it  dearly  wflUhange  ^he  wJy 
the  Navy  uses  its  aviation  over  the  long-term  future 
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9 

WEAPONS 


For  each  weapon  sysfem,  as  well  as  for  the  combat  forces 
acting  in  concert,  the  means  of  targeting,  the  launch  platforms, 
weapon  delivery  and  guidance  systems,  and  the  warheads  and 
their  effects  on  targets,  will  all  have  to  be  designed  together  as 
an  integrated  combat  system. 

e  general  combat  force  design  concept,  the 

following  elements,  all  of  them  existing  in  conceptual  or  early 
design  stages  today,  are  likely  to  assume  sufficiently  high 
importance  that  they  will  transform  the  shape  of  the  maritime 
warfare  forces  and  the  way  they  operate 


A,  CRUISE  MISSILES  AND  BALLISTIC  MISSILES  WITH 
MANEUVERING  WARHEADS 

While  long-range  guided  missiles  will  not  totally  replace  guns 
air-launched  bombs  and  other  weapons  that  may  be  developed’ 
and  their  importance  to  strike  warfare  and  ASUW  will  grow 
markedly,  becoming  comparable  to  their  role  in  AAW  today. 
Air-launched  weapons  in  many  situations  of  combat  involving 
carrier-based  battle  forces  will  also  require  long  standoff  and 
appropriate  weapon  guidance  because  effective  missile-based 
antiaircraft  defenses  will  exist  everywhere,  and  even  relatively 
primitive  forces  will  be  able  to  blind  direct  attack  systems  with 
lasers  of  modest  power.  Much  more  extensive  use  of  guided 
weapons  will  permit  major  economies  of  force  in  the  use  of 
aviation,  acting  as  "force  multipliers"  to  make  the  available  sorties 
achieve  more  extensive  objectives,  in  less  time,  than  is  possible 


Lai-iMri-i'iifi 
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creale'^T  familv'of “ion'"®®"'  to 

tarv  Th^  weapons  would  be  complemen- 

-ided  o,':,°Us; 

*  S"uL^mSi^  "  [?o<?u'ar-design.  conventionally  armed 
cruise  missile  optimized  for  low  cost  and  proliferation 
throughout  the  fleet.  The  panel  hesitate^To  specif? 
performance  and  cost  figures  in  a  general  study  sSch  as 
dlustrative  numbers  will  be  useful.  The 
nijssile  should  be  able  to  carrv  a  SOA-tn  t  ooa  j 

payload  to  targets  1,000  to  2,000  miles'away  It'shou'ld 

oe  launchui-  e  from  submarine  and  surface  shin  VLS 
bays  or  laui.ch  systems  or  those  they  ma?  evoNe  into 

based^^on  ‘jf.''®  ^'tlcourse  guidance  systems 

SSSlL°?  and 

to  tLTrt™  Wh  tailorable 

40  inose  targets.  Such  a  missi  e  should  be  Drndnr'ihiA  :» 

IIS  ■«  "“"f  r2dr  „r,to;',5Ld 

permit  the  design  of  ballistic 
Sme  ohvt^"’i®  warheads,  with  roughly  the 

STmit  use  of  to 

Sles  tL  ^  as  *h®  cruise 

missiles.  The  maneuveraoihty  of  the  warhMd  Jc 

water).  Ballistic  missiles  in  such  a  size  and  weight  clas- 

K  sho;i?r"«n«V?h'’"°'°®^  tecLiques; 

Shorter  ranges  than  cruise  missiles.  Over  the 
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cutVnTT  improves  and  design 
s*3ging,  come  into  olav  rhpc/*  ‘■•fficient 

have  range  come  to 

ranges ^arTSchievabL^Vi?hJn‘fh\S°5  th?a"f^ 

such  weapons  must  be  contemplated  *»a  “sc  of 

advantages  they  will  offer  and  to  acwuni  fo?  ‘he  combat 
induced  by  the  uncertainties  of  warfare  il  ^  ‘"^'''‘ahle  waste 
needed  to  fill  out  the  weanon  eAmL.’  ^  numbers  will  be 
numbers  of  surface  combataS?  shi^^^ 

numbers  in  today’s  Navy  together  wWh  are  typical  of  the 
been  described.  *°Se‘her  with  the  new  SSGNs  that  have 

For  example,  on  the  order  of  200  nn 
ships  and  SSGNs  of  the  kind  described'  ‘^9-‘yPe  combat 
between  100  and  300  missilec  nil  •  ,  ’  ^  ioad  of 

missiles  aboard  carriers,  coild’ 1?L  1^40  o1)0  ^ standoff  cruise 
various  kinds  at  sea  in  the  Navy  of  2030^  more  missiles  of 
missdes,  and  reloads  in  storage  wouW^  le.]^"  » 
numbers  of  over  100,000  missiles’  Thi»  1 
turn,  be  essential  for  lowering  the  wpnn*^*^  numbers  will,  in 
dispersed  fleet  if  its  pvaIihIa,,®  weapon  cost.  The  more 

Wiil  ihos  graJualiy  eslablish  a‘’™ew’*ame“'nf“''f 

P.ov„,o„,„g  ,a,  f,„,  Sm"l,'a,”y,;elr"“ 

B.  POINT  DEFENSES 


wall  aa  aiS"’i4",t"wS,t'c™;‘'^  “  « 

enemy  staaiih  ahrinK  !h.  defS'ham'?”'"*'''  “ 

aurface  Bhips,  inciudini  carriera  l^  aHdv" 
eonvennonal  pain,  def.naa  weapons,  the^aSiS 
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firing  ProjectileraO-^^km/second^i^'^'^^'^t'^^  capable  of 
enough  for  shipboard  uL  >^n  nrobah  v  small  and  light 

from  the  Defense  Advan^H  ^  ^  SDI  and 

(DARPA)/Service  anti-armor  Agency 

make  long-range  underwater  en^o  technologies  that 

contribute  to  enhanced  defend  agaSs^AomS  . '^i»  also 

homers.  All  such  weapons  win^fn^^  torpedoes,  especially  wake 
defenses  on  individua?  sh"ps- 

when  many  more  attack  svftPmc  *"  ••’C  approaching  era 

and  area  defenses  of  both'^combaSips'and'tie  S' 

C.  DIRECTED  ENERGY  WEAPONS 

of  R^dVo?  m35y  yelrTS^d^tSdi  ^^^ges 

continue  to  be  acceded  S^  tJe  sSr'"‘ 

assuredly  become  technically  fealiblP  «‘;it  '•'capons  will 

present  some  pr'oblems''of’'p"ysi5^  SJos’^'"''"  !'“■  “""'“»'''re 
uncertain,  laser  and  microwave  hfil  ®  resolution  remains 
proven  feasible  in  several  energy  and  Treet 
power  outputs,  these  weapons  wHl  threffi/®®'"’”- 
equipment  and  non-hardened  matiie^„!ph  *«"sors.  electronic 
missile  elements  within  the  atmosohlp”^^^-®  ®>fcraft,  and 
Among  the  threatened  atmosphere  and  in  space. 

which  is  subject  to  damage  araihe'^n"  eyesight, 

protection  is  provided.  The  NaJv  'will  h  “"’ess 

^-s  sni.  s„on 

S?n^rSilf| 

pointing  ,n  adverse  weathfr  tK  T  Problems  for  beam 
become  an  important  comoonenr  n^fp  "tax  therefore 

and  shore  bases.  ^  terminal  defenses  of  ships 


against  surfa^ce^S' h^h-en^rL^Tse 

^•eapons.  the  Navy  can  bufld  at-sea  asIt 

detection  of  surface  shins  bv  f  o  defenses  against  early 

of  fleet  location  and  targeting  senso^^^^^ 

that  the  statistical  availability  o^f  favorable"atm*^!’ 

ts  acceptable.  ^  favorable  atmospheric  conditions 

asenito  .taSTdeSc.1%?*!;  ?'''’  5'"““  and 

support  will  have  to  design  the''™l'irf S"'t”‘’“'''’ased 
systems  to  operate  at  higher  orbits  to  he  h  ®'’-‘’®ard 

to  have  at  least  some  hardness  in  detect  and 

implications  are  that  emittino  c  .  subsystems.  The 

characteristics,  radar  or  radar- like^lvTf  ® 

m  bi-  or  multi-static  modes  and  th^pre'”^  i?’K^  operate 

board  attack  detectors  All  thee"  r  ®  ^or  on¬ 
costs  of  space  systems'  alid  e^ven  fhn^°  k  '^®'‘  '"creased 

to  bear  space  system  costf torn  Iv  o„  h-^ 
cost  of  the  informatiotrelat  ^Pa  o^^^ 

combat  system.  P^ns  of  the  Navy’s  overall 


D.  NUCLEAR  WEAPONS 

fighlilllT  retail  a%S;i‘’nu^  '^^r- 

with  special  attention  to  ASW  and  invofv  °"  "t  sea. 

submarine  launch  of  the  weaoonc^  n  ,k  ^  ^  *‘"'face,  and 

tactical  strike  warfare  arms  imi  ‘he  areas  of  ASUW  and 
will  be  other  wave  nf  considerations  aside  there 

need  for' S^mlat^o  rsrmafd'l^  ^ 

foundation  for  this  belief  lies  in  ^  The  technical 

improved  surveillance  and  tareetino  r  combination  of 

guidance,  and  improved  con vfn  oK 

technology  will  make  available  '^^‘head  design  that  future 
sea  7=-"=  « 

sub-kiloton  warheads  coupled  S  h  orpo V 

delivery  systems.  Such  i^^eapons  °!]  guidance  of  the 

capons  can  provide  an  assured  kill 


MINE  WARFARE 


underrated  but^effeaive^^forms^of 

abilit^.  at  very  low  cos,  fn  Tnfr  h'"'  ‘he 

to  its  waters  tor  sSanthi  country  to  deny  access 

blockade  to  present  araMaelrf”'*^'  '*  'o'^-eost 

to  sea,  or  to  inhib  t  anv  natfnn^  *‘8"i''ieant  forces 

significant  flow-  of  shippijr  TheT’S.^R®'h 
attention  to  mine  warfare  nf-»t;no  w  **'''"  extensive 

the  United  States  in  a  'r  ‘"o'' 

important  to  the  United  S,are<  .  ^®'’‘^'’°'’*ation.  it  can  be 
should  they  become  necessary  anH  ^  *^°'f"‘e*'-Soviet  operations 
in  Third  World  situations  bofh^  in  h  "  especially  important 
Allied  access  to  import  waters  an^l’e'^^  “"‘I 

the  United  States  and  its  allies  tn  ^  resources  and  in  helping 

combat  situations  at  relatively  low  cos*t°"f^?)r"alf/h P°‘e"‘ial 

'image)  a>e'a'lmdv''d’ffiMli''» "rt’"’’ 

:r^erd'si:;e°^:",rrrer^„r.'£-^"-'^^^^ 

triggering  mechanisms  Comnanion  ^^'^‘*‘‘?*‘^®H"‘ermeasure 

frn.t:oSre^z^rn“Kr 

•i.a/ir  r.vof? 

strong  need  for  mine  countermeasures  and  mine 


sweeping  capability  because  mines  may  occur  in  a  great  diversity 
of  major-  and  limited-war  situations  where,  if  the  capability  to 
overcome  them  rapidly  is  not  available,  the  problems  they'  pose 
can  affect  the  strategic  outcome  of  crises  adversely. 


AMPMIBIOI  S  forces 


Amphibious  forcf‘<;  u.;ii 

P^'^jecting  integrated  US  major  mean^ 

csrechlK  ‘  capaVnim^ 

Air  Force  units.  However,  militarv  L  Army  and 

forces  Will  vary  widely  as  to  intAn  PPP^^'Po"  to  landing  of  such 
consequence,  traditional  cot^^eots  o^/  J.oP't'stication.  As  S 
seriously  challenged  "Hiol  ^  amphibious  warfare  will  hf 

»6  X.?  £1 

coaSIn  '."5™ScltSll,'ir  il'niv'’'''® °l 

o,  w„,„„  "™“ 

To.al  r»rpnv  “g''"' 

cS.Sri.fe  S“'L'“  SSie“^ 

anP  operaiions’  "‘’""''p"  “f  anphipious  warfare 
Jisher  speed“fr?m"J,  “j”  ^1','’'°  *si8nec)  to  land  n,,,,, 

visinr  ‘^°"’P*cmentarv,  fleet-basAri  f  ^"'**"8  forces. 

v.sual.zed.  ”  based  force  configurations  are 
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lanamgs;  that  are  lichf  '^nri  u  u. 

"'th  the  most  advanced  lechno'loov^r"’'’’^'’^'  equipped 

support;  with  advanced,  lightweight  ^n'^i''^"'"®  '’ire 

other  smaJI-si.-ed.  high  raie-orfir I  =»"''aircraft  and 

"i? iff-K''  -- 

S:;  SS'’Se,e;^'„>'r  Sic".  'Sf 

second  echelon  of  more  co„v.-„r •  into  which  a 

forces  can  then  move  if  aoDron"’^  ground  and  air 

strategically  important  positions  to  take  and  consolidate 

today,  and  will*^be  able  to^tak^e  ad”  i'Shter  than  they  are 

that  can  protect  them!  Privide  hea!-? technology 
allow  them  to  take  the  offensive  on/4  ^  organic  fire  support  and 

the  kind  of  heavy'^armorh^ty^^LTE’!^^^^^ 
esigned  to  operate  in  Central  Fumn  ‘i*®  ground  forces 
These  forces  will  also  be  ohiA^l  Europe  will  continue  to  need 

‘’“'ofTii'’  ntahJerElodav®'*'"''  :!°'"-®nd"  op-' 

.^L^'^oard  fire  support  in  both  /^o  ®  amphibious  forces 

“"^''^^"8®  ntissiles  and  chanced  n  ^°'’‘^®*  ‘"eluding 

combat  aviation  will  include  combat  aviation.  Marine 

systems  that  will  evolve  for  carr?eT  ®'^"L®"'5  of  the  advanced 
forces  will  incorporate  versatilitv  the  reconfigured 

'“V' ■’“""tial  nPwliS  a'£2“U°o»„^;h-r” 

V/S^^,l”^cST3^P-*ad 

anSKXK 

advanced  LCaC  or  cre  .  *"S“^«“Ground-erfprf 


overall  combTunformatio^n  integrated  into  the 

evolve.  'o'ormation  and  command  networks  as  the  latter 

Phibious  forces  a7e**ava?labie  rL  reconfigured  am- 

advances  of  all  he  Se forc^  7n "th' 

specal  operations,  advance  and  folIow-l"'o?rai„'force  leUfs^ 


60 


Navy-21  Overview 


12 

manpower,  training,  and  logistics 


ttrtiJilf  personnel  (including  both  men  and 

^omen.  under  the  rubric  of  "manpower")  having  hS  sriii,  for 

adr”„r  tJ"'  Tr  >■  n^e.  aid  S 

pool  Wili  iJad  to  mn'  ^  manpow-r 

pool  win  lead  to  a  more  senior  force  than  today’s  with 

th^ir  The  personnel  will  be  available  but 

will  probably  become  necessary  to  use  less  soeci^i  m,. 

Pte^'maiSn:ii« 

ss^iliif§2 

S=S~HSS=fli 


.'.'wh  “  The^X-ioTr:"  r"-  . . . 

™derwa,,/,„V  “'ll  occu,  in  ,„ch  areas  a. 

'“"CJr'r'it'sier 

r" ;?  i'H"^"  ^'"5 

complete  crews  withnnr  ^^“coming  possible  to  train 

eduipmenla'teerorSSrin.  o^  '™"'”'"^  '’>'  "'"‘H 

be  done  without  interference  to  an  nn^  ihis  can 

happen  because  most  current  aL  f..?  T’’'*  «" 

require  various  types  of  data  operational  equipments 

external  target  signals  and  to  ‘o 

status  and  equipment  performance Tve^^The®"  ■*^**^"’ 
known  and  controllable  arttriVioi  •  The  insertion  of 

operational  equipment  offers^Sws'anH*® 

opportunity  to  practice  and  officers  an 

critical  events  such  as  handling 

gets-  that  could  aLallv  occ-  '  '""'^“""'‘°  "‘ar- 

reliable  control  over  the^abilhv  to  ^wLs"’^'  improved, 

artificial  to  actual  target  signak  train  geaf  from 

operational  environment  to  fine  t  ^'"‘"8  *^an  take  place  in  the 

highly  relevant  to  pofentS  combat  •'>=“  ^re 

be  extended  to  various  fnrrA  scenarios.  This  training  can 
•I"..  I.  “ill  b  “o™eZ,ib™^  5“M 

practice  tactics  and  related  skilk^Vn  -^i  devise,  learn,  and 

environment.  a  fully  operational 

readiness  of  the^flee\*"^ln*rddition"'ro^r''‘*H°*’''°“^^  enhance 
mode  will  lead  to  sys  em  Lnrovelni  exercising  in  this 

later  system  desigS  ‘"’P^O'^e'^ents  that  can  be  fed  back  into 

where  bases  mav  *be  "lessTvaiiab7e  environment 

the  need  for  a  smaller  ogltiS  mil  ,o 

to  reduce  support  resources  wiVmaL  -  %  ^  Preserve  stealth  and 
increased  reliability  and  less  manno^^  ''•  to  design  for 

deployed.  Naval  mchnoloev  j"P”^®'’’'"*®"sive  operation  while 
since  .be  .„„,iHo„  » 
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Finally,  there  win  be ’a  va«  imnr"*^^  scheduling,  and  the  like, 
to  the  technicians  who  need  it**inTh^*f  *  '"®'"*®'’3nce  support 

technical 

information*  easily  updated  technical  ^nd  diagnostic 

better  knowledge  of  ?ikelv^faulN  ,  "’®‘".'®"ance  data,  and 

replaceLnt  p"am  Sraa^dToL“rd"Thy 

Keplenishmeni  practices  will  aUn  rkr/^v^^Kl  l, 

L\“ri„.rw.r,7s:ersfSA'sfo^^ 

desirable  to  reduce  the  freQuencvof^unit^*^"^’#-”'!®^^  found 

in  many  combat  shios  Shine  replenishment 

in  missile  Syfmiiht  re^i?n  to  E  f 

missile  loads  Le  sient  mlch  «  .1  ^^'o^ciing  when  their 
used  all  their  mrSdoes  Om  the 

currently  vexing  problems  reoardino^”®  solve 

while  under  wav. ‘^Much  ^  bays 

by  carrier  aviation  will  helo  redurm^'i*  guided  weapons 

the  need  for  wwoon  rlnUol^K  ‘onnages.  also  reducing 

capability  to  deplo^y  base^  faciliHes"*rn*  enhanced 

designed  platforms  much  like  specially 

wi.h?ur  ir„sL“  “;zf  ?„'te  "r 

bureaucHc  =dvc»a„s  and  ,ha,,  indaed.°f«’'„a  Sonnl’ef^  SSly 


•'>'1  integrated  strategy  inc  udin  ‘develop 

responsibilities  for  Lhievine  th!.  institutional 

effective  use  of  peopie  and  to  be^ahle 

the  operational  and  lechnolnoi^,i  ^  operate  effectively  in 
for  the  twentvXst  cenJu  V®  Th!"''''’”""’""*  P""«>  foresees 

risk  because  -hat  harto  be  dole  ‘^<=hnical 

discussed  is  generally  known  th/h  '*  areas 

sector  ,0  develop  improved  Teliabi!it"v  and  i 
intensise  maintenance  and  support  nnrf'^"^  "tanpower- 

-ill  have  to  de\°eloplyolSe^al!proLh  t'^^f 
application  of  the  technologies  tsom^/  f  ^  acquisition  and 

been  described  in  conSSon  wj  ■mX'"*  '>"''«  also 

^arfare  systems)  and  the  associated^^*^*^^’  *“^*^ace.  and  air 
Planning  for  the  changed  manponer  .1  Practices, 

begin  with  the  Initiation  of  the  1“®.!  '  Practices  must 

and  forces  if  the  full  benefit  of  ihr^H  Pnmary  systems 

associated  operating  practfcis  I  to  be  •"«* 
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THE  SSBN  FORCE 


The  panel  believes  that  the  SSBN  force  will  hpromn 
UnTba^prt  ‘0  *he  nation  through  the  coming  decades 

atMck  whife  hf,?’  increasingly  vulnerable  to 

Sr?„'ri;To7e"a'‘'  V  >>n'eshMlS 

2  M-  ?  •-  'Sfi'ssiir'sl'Lr 

could  be  configured  to  carry  strategic  nuclear  cruise  missilS  as 
an  ^ternative  means  of  defeating  those  defenses 

the  KRN  **''‘®3*  *0  “’e  survivability  of 

the  SSBN  force  in  the  foreseeable  future.  As  indica  eri  in 

connection  wuh  the  tactical  undersea  forces,  the  general  trend  is 
for  subniarines  to  become  less  vulnerable  to  detection  and  th? 
inodes  of  opera*ion  of  the  SSBNs  will  accentuate  th^t  trend  ^r 
those  submarines.  However.  SSBN  security  wHl  need  cSu Ini 
^•oidS"  "point  vulnerabilities"  will  have  to  bf 
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navy  interaction 


'HTH  the  SDI  and  the  ADI 


^^uicnnai  impact  of  the  *u 

be  available  for  the  Navy  over  rh?n  ,  r  ^  technology  that  will 
or  special  concern  in  't  ’’  “ 

forces.  Many  capabilities  thit  rha  \i  '  ^  systems  and 

which  the  Navy  could  cStS  benefit  from  and  to 

the  following:  =0"tr.bute  can  be  identified.  They  include 

''  Sf  "nisi?  i"  -iralenic  „e 

remains  unclear  at  this  stage  oPsD^l/Ani 

is.  however,  possible  to  planning.  It 

become  available  and  that  m^  n'’ro^‘''*'r  "’‘‘y 

pursue.  One  possibilitv  ^  ®  desirable  to 

coasts,  using  surface  shins  suhit^-  off  the 

some  combination  to  Quarrf  ^  aircraft  in 

SLCM  and  depreSel"trtje?torv‘  sZbm 
designed  to  evade  the  ABM  Zr  launches 

possibility  includes  the  launrhmo 
submarines  such  as  the  tactical  Isf'N  missiles  from 
"forward  pass"  mod^in  described  in  the 

surface-based  detection  and  and 

needed,  and  Ibe  reiatlLS' be 
^  b„d,c,  oj, 

rnh”1i?,:r[r'''~'‘  byiig  fprc^  UTiin.i  irRM 

.be  US. 
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It  profitable  and  feasible  to  target  some  of  their  ICBMs 
against  major  U.S.  surface  naval  forces.  If  the  SDl 
provides  means  to  defeat  ICBM  attacks  against  land 
targets  or  to  defeat  ICBMs  in  the  boost  phase,  then  the 
fleet  will  benefit  as  well. 

^nefits  to  the  national  tactical  maritime  w^rf:ir(. 
garability,  and  the  Navy,  vjajpace  control  that  the 
SP.l  ^11  gnhancf.  This  includes  the  SDI  contribution 
to  global  surveillance,  defense  of  critical  space  assets 
piace*"^  ^  derivative  ASAT  capability  in 

leshnolQRv  transfer  in  many  This  involves  most 

notably  sensing  and  signal  processing;  computers  and 
software;  rocketry;  materials;  many  parts  of  the 
weapons  and  countermeasures  areas,  including  missile 
guidance  and  weapon-oriented  directed  energy  in 
several  frequency  and  power  domains;  and  cost  reduc¬ 
tion  techniques  for  space  and  missile  systems. 
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15 

strategy  and  operations 


nav\  missions 

2'  '"e  S:'' 

to  and  from  sources  of  resourrL"/*  <^onimunication 
allied  military  and  econom^^  «  ’  "’^"“factures,  and 

the  seas  to  hostile  powers 

3.  r^ceX 

o^'s  cSss,  °"'° 

sutwrdinaie  operajionaTmi^sion^  -^^'7  a  variety  of 

maintaming  "presence’’  to  maior*"m?ry*”^  activities  from 

“i.-s  "hfleat  conflict,  a  '  and  i  o"-'',i.“""''^'',  op  to  and 

T5MC,  ashore.  Such  SDecifi,-  n,-.  •  ^.  and,  for  the 

AAW.  aSW.  aSUW.  E\V/ESM  warfare 

30  .0  50  ;eaJs:"'hu;"';h;"  ets‘‘?o?  --  ‘he  nevt 

probably  change  significantly  carrying  them  out  will 


.. -atc.Wr.oai.lNCtat^t.a.r 


«he  comba.  informatid;  1','"":  -»Hn 

in  Che  Rf  BM  ustem  The  on^r  'L'  lapabilHies 

elcmenis  of  the  triad  h!|I  1,^  '*(  *i>e  separate 

element  hUI  also  be  ablp  t  o^erlappinK,  bul  eath 

domain.  The  reach  of  he  ind.pendentls  nithio  h, 

element  of  thrtriad  nJ  ot  T  *"  h 

n.easuredi„;i::h:„led;too4^^^  *" 

elements,  ft  uill  co^rr  (hn  i  r  indiiidual  force 

dispersed  folmation"  forces  in 

^ona?d^es7ruclu^d'lnh^'’•  ’  '"«'^'"ent 

-  pane,  -^s^ ?ts-ot^rn77, 


B.  strategic  deterrence 


li.S.  homeland  in'*th*rL^way7  "’s’  (Jofense  of  the 

ssbn  SATuL';:*  7'*  "’-i;  "■>  I  So.  io. 

dtcJSSu::,."’'  f™-'.  - 


C.  SEA  CONTROL 


Protecting  our  linkages 
our  economic  strength 
dominating  the  seas: 


^  n  aii.es  and  the  overseas  sources  of 
'^>11  require  many  approaches  to 


neutralizing  sources  of  attack’ 
keeping  the  sea  lanes  clear  of  threats; 


'^ht-n  t,>  |„  s„),.  p„^ 

"'’''‘ns  ini.r, 

ml.'Ttf  "  'I’:. '■■S-.->a.u..  cv.„  ,  , 

be  the  ue.fiht  nr.s  '  forcer.h  -t  " 

t.  ^  ^  ^quipmL>nf  r'  ^^^ri\er"  vi ill 

ntarine  quiet^no  shipping,  fJouever  Tt  attempt  to 

and  even  Third  WorH^f  airborne  svstenis  win*^^^! 
succe«ful  evnsion  ‘dangerous  ^ 'ei 

attackers  u.n  S'  and  allied  sea  . 

communication)  wiii^p'  ‘^e  threat  to  the  SI  or  f  ^"^fs  by 

'"rte?re 

t^UnT  ibark'fbtn®  ^ 

and  that  cnl  o’  ‘defeat  attacks  h.®  *'’at  are  at 
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."reconom.o’f 

..o.  .re  .'rir.  :f 

ag3msMh^'rrrrs'’is‘^rr''‘‘"‘"^ 

choke  po.n.s  li's  can  he^nnr  h"^ 

-■  — -s - 

atn^k' J  hi  J’-''*'*'  becomes  more  difficult  base 

the  Soviets  aroTstablishi^rou'lside  /he'lSR.'' oS" war"-' 
wi'r'hc^rsSR^"!  *7"^  destruction  in  case  of'connict 

hoJne  bv  th“  car  i  ^ 

mmrnmB 


D.  PROJECTING  POWER  ASHORE 

rs'“.S«;;„r7  ^ner.",-;  rF“"'^ 

inconsiderable  militarv  nou^r  ^  exercise  not- 

major  bases  outside  the  USSR.  *  *  engagement  of 
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continue  to  pri^\Vde\lexlNe  ajrcraft  carriers  w  il 

in  situations  where  the  ships  are"nnf'  *^'^'^'ned  firepowei 

land-based  and  sea-hased.oJmera.S  an  ^  '“'nerahle  to 

can  operate  at  low  anticipated  attrition  i  *l»eir  aviation 
the  regional  conflicts  that  havp  pls>-in  particular,  in 

to  be  the  most  kev  areas  of  "'"probably  continue 

power.  The  addition  to  IJe  force  of  ^  ^ 

numbers  of  long-range  missiles  agai^st^ailrt^l 
that,  in  situations  where  the  carrlfr*  **  mean 

risk,  the  other  forces  can  reduce  h/o  “'^  ^  high 

non  of  aviation  and  shorter  ran'ilf  1  he  combina- 

operate  more  effectively  whh  "eapons  can  then 

prohibitive  losses  by  the  preparitorl*  inH  Protection  from 
the  long-range  missile  systems  In^riH attacks  of 
carriers  the  new  kinds  of  foTces  cou?d  n  *“PP°«i"8  the 

conside-abJy  great,,  fle/ibiSl  'fhar^'isl;";!"" 
firepower  ashore.  Not  least  nV  tha  u  today  in  projecting 
forces  in  this  way  would  be  diversifying  the 

among  given  numbers  of  Jhi^  so  hatTo" 
the  essential  strike  role  that  imH,.  i  *"^*  "tore  of  them  count  in 
and  their  periphery  Loss  of  onp  command  of  the  seas 

combat  .vould'hai  ^  in 

power  than  loss  of  a  carrier  wL  !  .k  mpact  on  total  combat 
likely  by  the  present  of  hp  ^  ^  he  made  less 

The  transfer  of  combat  powefafh'"*  k  smaller  ships, 

in  the  Marine  Air-Ground  Task  For«  k'lArTFt'*  embodied 
evolve.  Emphasis  on  Third  World  conn-  as  »  will 

forces  does  not  imply  that  the^  fonh^'f*  use  of  these 
technology  of  future  cLrier  and  amnk^K-  advanced 

needed  to  overcome  Third  World  ^"^Phibious  forces  will  not  be 
experience  (in  the  South  Athntic  Eh 'rf  '-  as  recent 

East)  has  demonstrated  rapid  def^lf 

Third  World  arms  can  Vild  laree  bPn^-.'"''““7  ‘Challenges  by 
scene  and  is  a  most  desirable  canahdhv  f  'mernational 

emphasize.  This  cannot  bfachSfed  w  LuI  -  d 

Eleetr'Sr'””'  . . .  »"  '^'Z]7r 
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fnr  the  “vision"  of  the  evolving  fleet  and  the  strategies 

for  Its  use  that  have  heen  presented  here  depend  on  lonc-nnee 
missiles  distributed  among  various  ships  of  the  fleet  for^ power 
an'd^^foM'i"  •‘■'f  sea  control.  Limits  on  the  flight  Canoes 

emlrli  of  tactical  Conventional  cruise  missiles  could 

emerge  >rom  Strategic  Arms  Reduction  Agreements  on  sea 
punched  cruise  missiles,  as  discussed  bv  Gene  d  Se^retarv 
Gorbachev  alter  the  December  1987  summit  metMing  if  Sns 
cannot  be  agreed  ,o  differentiate  tactical  ^^".1,1.1^^^^ 

tact  cf^bams^h  "Ji'f  i"'  •'^'"li'ar  limits  on 

Mn#»  ^  at  sea  could  follow  from  the  INF 

(Intermediate  Nuclear  Forces)  Treaty.  ^ 

of  »Sfl°r this  happen,  the  consequences  for  the  current  "vision" 
of  the  future  Navy  would  be  as  follows.  The  critical  need  for 
and  importance  of  the  information-.  communica?ioll-  and 
technologies  would  not  be  affected  There 
atm'krlf^HV-®  reliance  on  air-delivered  weapons  for 

can  n  targets;  attack  aircraft  with  cruise  missiles  that 

?n  ,h U  T  ^""Ses  fch  as  have  characterized  prev  ioL  agreemen! 

•  n  this  area  could  still  atMck  targets  at  verv  long  ranee  Th! 

sti?l”be'verv®^  miss'les.  whether  air  or  surface  launched,  would 
still  be  very  useful,  so  that  the  recommendation  for  a  family  of 

Srsiirbi'^o/^er"""^^  agreement^s^L%‘?;;;lar^.[ 

long-range  (irepower  among  carriers  and  other 
of  Ihe  fissile'  'up.S''"™"'' 
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POTENTIAL  SON  IET  RESPONSES 


.heJmaHto,  "waS  SSlt, '» 

|he  capabilities  of  U.S  na^va^  DoweT^^Th"^  ‘^u"’  '■^^PO"se  to 

building  of  an  SSBN  foI!:e  th^t  h^c  included  the 

able  to  patrol  in  waters  very  difficnh"*^!-^^  strike  range  to  be 
St3ates;  strict  attention  to  Tnlegfate?  sLrve 
C  I  systems  including  space-Lsed  J“  targeting,  and 

usual  attention  to  fadb-eleSroJic  ar/''  of  their 

deception;  the  growth  of  Soviet  naval 

gradually  improving  cruise  missile  ean  h  ^'-’'-'ornpanying, 

force;  enhancementVf  th^r  unSrsea Sf?'  "r  "" 

systems;  the  building  of  a  surface  fleer  ‘Weapon 

combat  strength,  including  carrier  elen  ''ospectable 

an  overseas  base  structure  in  vi,  expansion  of 

"'o-rd.  If  confronts"  L  ?voV„’,b“.,r'';r';"“  »f  »»  Tl.i,d 
capabilities  and  strategy  as  des?r^bed  warfare 

Pected  to  follow  similar'trends  e  ^  ‘’c  ex- 

responses  are  therefore  likelv  to^  indude^'''"  Their 

following  steps:  '  ^  include  some  or  all  of  the 

haJe  SSdV'dem ''  by  all 

developing  their  own  '"eluding 

w."ila?y  espronag""*  Ind  p'''"^*J^'^°“8b'“/;!dfstHaTand 

resources  and  forces,  and  to  be 
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3. 


4. 


5. 

6. 

7. 

8. 


9, 


ineir 


regional  conflict. 


C5CI1LC 


ait:45  or 


eJ  tolrTK?  iarrSe  ..“’h"  he 

ihei,  respeciS  d o” 

next  feu  vp'irc  thrr.  '^^^ense  programs  during  the 
Thev  uill  rrv  m  i  ^S^J'^Sotiations  and  competition 

fevels  nr  .  the  St'irftincss_and 

£l^.  funber  t?gh^eVthe,r?i  slT 

their  targeting  systfms 

'aildTS  *  . . I 

r»  .eren.,  in  'SSe  7E 

S®5!SifStesSfSS£i 

toe  toireL”:!;;' jiLY.Lir'': mi-i  fm 

in  these  directions)  but  to  d^ln 

accord  w.th  thS  'own  Jtws  nf '"  *" 

maritime  warfare  forces  niissions  for  their 

the  opening  shots  of  a  conflict  ^  'weapons  in 

and  dispersed  firepower  of  thp'’n  enhanced 

means  to  deal  S  a  n/^cK  attractive  as  a 


isolation  of  fnrrpc  Of 

■signal- a  vub.,  ,a4",  ■"»*■'  =  ""Clear 

powerful  undeVsea'^strfke'forces^ihat  ’""''ing  toward 

and  defend  against  The  side 

‘letection,  tracking  tareet  n^t  h  war  for 

the  other  side  will ’hav|  the^edge*^  capabilities  to 

er..iLYaVe"'roVS„X;''' 

system  in  fielding  new  feehnr^i*^^  effectiveness  cf  the  Soviet 
element  in  the  cZpeJitrve  strSSgKf  rZ""/  ""  important 

their  more  centralized  comrn,ni  ^  addition, 

them  important  operational  advantacesl?^"^^^'^^-"*  ^^^lem  gives 
important  to  them  The  imnnrto*^®^*  for  carrying  out  missions 

.".r  area  rhey  c^radL^',4T„r  UX'- '  ^<1  “''V."''"*’''' 
c.  and  the  combat  information  network  ^he  ‘  a  ^ 
defined  as  radio-electronic  battle  min,  "  ^a'e 

Therefore,  if  they  are  qhle  fn«n"  !  "’?"=t8ement  in  this  report, 
it  promptly--and  the  anticipated^ 

'Vestern  technology  can  helo  thim  ^  .mternationalization  of 
advances  in  these  most  critirfi  ,  technological 

ly  tp  a  net  Soltermintar;  idva'nl^? 

conlhct  over  maintenance  of  the  sea  l1nes"of"^  -uture  maritime 
are  vitally  important  to  us.  ^  communication  that 

ASW  fa“gVa/ b?hTnd^“u  Win°e^"ufet‘iSr')'  have 

ability  to  hide  airborne  targets  to  nnt*’  oPPonents’ 

them  or  to  hide  our  own  surface  and  >•  fmd 

Soviets  to  threaten  our  space  svstem^  systems,  or  to  allow  the 
to,  while  theirs  operate  freely  or  well  n  respond 

the  nation  as  a  whole  must  shape  ^ofh  r*"'^--  ^he  Navy  and 
ways  of  managing  our  programs^  and**n  .Prmnties  and  our 
could  potentially  be  5o We/*  ^  operations  to  deny  what 

adaptation  of  US  technological  -,?''^"'^8es  arising  from  their 
to  missions  important  to  them.  The  u"^t^d  g  critical  areas 

|ts  programs  to  preserve  frourselves  the 

by  the  technology.  advantages  conferred 
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ACHIEVING  THE  POTENTIAL  CAPABILITIES 


Nav  of  development  of  the 

are  included  ,n  the  reports  of  the  technologyToups  and  of  ,h; 


A.  MANAGEMENT 
1.  Resources  and  Priorities 

years  is  the  most  significant  and  difficult  issue  the  Navv  wm 

'Z2vsiz'° -« '"p"-''-.’' 

The  surveillance-  and  information-related  systems  and 

elern",!  among  them  and  S  ffeel 

elements  and  commanders 

•  ASW. 

*  functions.''’®  “''"“"•’'''‘y  '"‘“‘arily  essential  space 


0\er\iev\ 


standoff  munitiSnr  "‘^•’’bers  of  cost-effective 

Sts,;!’”'""''""’"  ““  "hips 

•  Restructuring  the  atr.phibious  forces 
Manpower  and  its  concomitants 

Managem^Ijr'”"  “"**  Battle 

'■'omple^xSloSSon?o'*mSn?d'if^^^  area  is  so 

need  top-level  attention  and  suppo^^S  h7n 

since  many  of  the  resources  must  br.h.roH 

and  national  agencies,  and  much  of  the  Services 

by,  all.  there  is  a  ne^d  to  define  wJlL 

unique  and  which  are  to  be  shared 

"■'ncl  organizational  arnngemen  s  m ^S^^^'^ents 

recommended  that  th»  r-Mry  ,_i..  ,1°  .  '*  happen.  It 

3.  Space 

Space  control  is  an 

maritime  warfare  and  to  the  Now  '"’P°'’'ance  to 

ASATs  has  been  held  back  in  recenr^^ • ^ 
defense  budget  This  nr J?  i  •  adjustments  of  the  US 

Command  or  the  Nav^v  frSm  devest  Unified  Space 

such  Soviet  satellites  as  EORSat*^*^*''/!  destroying 

POnnic.,  ,„d  r,„„  dev.Topfng  aJaT"  '»»  »' 

CSSR  attacking  U.S.  satellites  of  criJ^.f  against  the 

and  to  the  nation’s  maritime  wnrf-.  *  'mportance  to  the  Navy 
the  issues  of  SDI  Tes, inrand  ^ni'’“'“^^-  a  similar  way! 
implications  in  these  areas  from  the^ir"*  '''**  serious 

control  and  defense  against  baMisHc  n  *Pace 

fleet.  ballistic  missiles  used  against  the 


In  the  absence  of  U.S.  steps  to  build  a  deterrent  to  Soviet 
taken  counter  such  actions  if  they  a-J 

^he  mhpr  Q.  \  ^  conflict.  The  U.S.  Navy  (and 

J  cni  Services)  could  not  function  effectively  without  access 

space  ESl'ishin/“‘’^^‘^‘  unopposed  Joviet  observation  from 
Sr  Navy  and  slnn'’“'.-^"'""‘.f  in.portant  to 

^  o?  wji?rs:j:ice^^?t';r; 


4.  System  Acquisition 

The  Navy  must  take  steps  to  reduce  the  development  and 

reiafAd*'”"  combat  information  network  and 

related  areas,  because  there  is  a  mismatch  between  the  ‘rpid  ,. ‘me 
of  technological  advance  (on  the  order  of  5  years  and  sKra) 

a!d  J?owiJie!"®  T?V'*“'on  cycle  time  (on  ?he  order  of  7  yea?s 
ana  growing).  This  means  more  use  of  ad  hoc  ranidiv 

prototyped  developments  (i.e.,  without  formal  full-scale  develifn^ 
ment  and  militarization);  more  use  of  dev^men  s  n  Jhe  Held 

rosTa'„".^'?h*e?OT?.' ' 

in  introduction  of  selected  systems  with  higher  risks 
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5.  Nuclear  Weapons  With  the  Fleet 

nucS'  reel  wm7eld't',,t'  '“i'”  » 

involving  in.e™S";  ,n'7£’rs'  '?  tn 

survivability,  and  arms  control  ^  maritime  strategy. 
B.  RESEARCH  AND  DEVELOPMENT 

areas  thThave  bwn  ?Sibed^nh7‘N  important 

warfare  forces  are  to  caoitaS- on  ^avy  and  related  maritime 
technology  will  offer  In  some  me  *  that  thj  advancing 

by  .been,,  evenll  nlS  7/  S" 'of^^T  f""' 
international  scene  and  in  rh#*  technology  on  the 

be  essenlial  If  “e  U„  SmeTr,?  RiD  will 

»P,,„acy  in  ,he  mnriltae  wS,  1  area  "'"oi'i’ 

emerging  technology  will  offer  .mmwon 

accomplish  new  tasks  and  micc1«  “"Paralleled  opportunities  to 

ihe  efreclivenevs  and  erflcSS  S’  V  “  'isnifibnody 

In  either  case,  the  Navy’s  RAD^r  tasks  and  missions. 

.ransroematiom  in  ">  'b' 

Panel  has  envisioned.  ^  ^  ^  maritime  warfare  that  the 


C.  RESOURCES 

a«eT,td"t„",n7p“,Slk  'Snfote 

require  extensive  resource  expenditure**' c  obviously 

join  those  that  are  pending  fo?  fo%e  expenditures  will 

already  under  way,  many  of  whieh'^l  fi  1  ®>’**em  acquisitions 
process  for  many  ySJ  Ll.  rm.  acquisition 

continue  operating  the  forces  !n  ^  rieeded  to 

programs  discussed  in^^^prev\"  u^^'S.rn."^'' 

that  migSriS  ?n?orve?in°rveToDin?^r 

representative  numbers  of  the  exteSdfd  and"®’  “Pirating 

deaenbed.  Inoiuded  in  ,b.s.  laSf  i,r,p;l.^yT»^ifS 
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aU'  S’*  "7"  "'» 

kind!  of  ships,  submarines  'ansl1ii?J77^ 'i„!f  7““'  «'!ling 

S;r„s  :iS'L<"aSrgi'" ■- 

'““VT/r^sS'’^  i"  '"if’^.  -renf,.  an”d  :eapo„r” 

Navy  acquisition  budgets^^whTc^h^havrb^^  *n  Hght  of  recent 
billion  to  $60  billion  per  year Tn  1988%..?  *^0 

estimated  for  evolution  of  the  nIv^I? 
appeared  consistent  with  costV  aL  k  direct.ons  discussed 
involved  over  a  30-  to  50  veqr  that  might  be 

now  in  the  Navy  inSntorv  whfn  ^  everything 

useful  life-a  reiS  *'’e  e"d  of  its 

period  in  the  normal  course  of  events^n  over  such  a  time 
in  the  broad  time  span  over  which  the  r<»n  ^  oase.  We  note  that 
take  place  there  will  bramo?r  f.!  I  f  oonsidered  to 

economic  vagaries  of  the  times  tnrt  «  m  ‘ite 

objective.  pursue  the  long-term 

pratSms^wVap^s  ""ndS™,?"”  '»  ">«  of 

IB  coarse  esrimares  of  future  NatrSs’rs"^  "’okins 

resources  among  these  assets  anH^  ,L^°***'  allocation  of 

each  category,  over  the  half-Lmurv  ii®"®  'vithin 

from  that  with  which  we  are  view,  will  doubtless  vary 

the  fact  that  the  1!!^  ?h^'''"; Of  special  note  was 
agement/C®  (REBM)  systems 

become  major  cost  drivers  ?n ’such^  a systems  would 
proportion  than  we  have  be^n  acitom/H®,  *" 

will  be  true  even  though  the  Na?v  wHl 
space,  information,  and  worldwSe of  »he 
■kou  paving  for  rhe  entire  SI  stems  ”nrow„“Vu"j''e™ 


n't!  tiritmi  aaim'-u'* 

■*  /  '  ■  .  ■  • 


.4 
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POSTSCRIPT 


explorations  and  Sf 

unknown  today.  While  manv  of  fh<.  ^ 

stages  of  application,  many  are  firmIvTn  hTnn"  ?!  ''udimentary 

ThTfacTTharih?  v’”  -‘"V 

century  that  emerges  from^this^stu^v  has^^’'^  ^  twenty-first 
on  radically  new  iechnolnolpc  h’  based  wholly 

no.  be  elle'wed  '"e  =b,dy  sbouS 

tionary  nature  of  the  trends  in^  Potentially  revolu- 

operjlion,  ,be,  ,he  sU 

trends  in  threat,  technolocical^anoii^Z"  identified 

resources  that  have  lone  been  demands  for 

decelerate  d,.,i„e  .he  „*e„  fSw  deradT,’'’  "> 

remain  static  in  its  form  and  ff.n!^?®  ’  -  ^  to 

obsolete  force,  unable  to  carrv^itf  J!  •' k"  “  become  an 

to  contribute  to  the  national  slcurhv^in°'Jh“’®  ®'‘ 

The'  SiS  %'  ?“-drS;'iari:rf?„r:r 

systems  the  panel  foresees  oor^tp^d  •'‘"ds  of 

Navy  will  be  built,  organized  and  change  in  the  way  the 
deliberations,  the  panel  fnrPSAoe"^  As  a  result  of  its 

nonnuclear  firepower  from  fubma*  delivering 

circumstances,  can  be  similar  in  *  that,  in  some 

erable  from  carriers  at  mu'h  impact  to  that  deliv- 

capable  adversaria, \hl  ?o^blmv'?f  e?.r^-^^ 

World  targets  that  threaten  Lr  ^intPrpJe ’’^^‘•'d 
economy  of  force  than  is  now  possTble  aid  greater 

PO.Uica.ly  embarrassing  Cs 
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against  V  AlifedTn'tefests* with' m  hostile  action 

tesontces  than  is  now  PossibrioTcoZ-aSeTcS'”’’""'' 

■cchnologTj;  E^S'noT'or'  'tSa!  »'">'■'»«»«  »f 

sSiSESStHllsS; 

tttength  Of  the  fTrs.  magnuJ* 
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appevdix 

membership 


■  LOS  Altos, 

Executive  Director 


RADM  David  R.  Oliver  Jr  n<:M 

Rep.e„„,a..v.  f„,  Chi.r„f-Nt,rS«„,i„„s 

•or  the  Commandant  of  the  Marine  Corps 


RotTA^S''Srt  rS'', 

wSnam  J-.  Perry"'H&0  t:  > 

Eberhardt  RwhVin  Th*.Tf  Partners 

''echtin.  The  Aerospace  Corporation 

COORDINATION  4  INTEGRATION  GROUP 
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Na\\  I  inison  Representative^ 

Operations 

THREAT  INTELLIGENCE  GROUP 

Eberhardt  Rechtin  (Chair),  The  Aerospace  Corporation 
Alt  Andreassen.  AT&T  Federal  Systems  Division 
John  L.  Butts,  Pensacola,  Florida 
Alexander  H  Flax,  National  Academy  of  Engineering 
Raymond  G.  Hemann,  Rockwell  International  Corporation 
Harry  Leven,  Strategic  Defense  Initiative  Organization 
George  S.  Sebestyen,  Defense  Systems,  Inc. 


William  A.  Fideli,  Nasal  Technical  Intelligence  Center 

TECHNICAL  SUPPORT  GROUP 
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